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The purpose of this study was to examine the economic feasi-

bility of increasing hog production in Oregon. In order to accom-

plish this it was necessary to determine the competitive position of

Oregon hog producers. An attempt was made to consider long run

as well as short run aspects of the situation. The basic approach to

the problem was through the use of the linear programming trans-

portation model. The transportation model requires knowledge of

consumption and production data in each region. Because of inade-

quate data, an assumption of perfectly inelastic supply for each

region was made. In an attempt to partially overcome this unrealis-

tic assumption, projections to 1970 were made with different

assumed supply situations.

In order to obtain insight into the factors affecting supply re-

sponse in Oregon, a time series regression analysis was used. The

function indicates that the beef-hog price ratio, hog-barley price

Redacted for Privacy



ratio and hog-corn price ratio are the important determinants of hog

production in Oregon. These variables express direct and alter-

native costs of producing hogs in Oregon.

Production function analysis was used to determine char-

acteristics of individual farms with respect to returns to certain

factors and returns to scale. Information was obtained from farm

survey records. The cross-section production functions derived

from this data indicated that there are constant returns to scale in

the Oregon hog industry. Thus, increased hog production could

come from either expansion of present hog farms or from duplica-

tion of these farms.

A necessary step of the study was to determine consumption

in each state. This information was not available. Thus, it was

predicted from a United States demand function. The United States

function was derived from time series data. Price elasticity, cross

elasticity and income elasticity for pork were derived from the equa-

tion.

The transportation model for Situation I consisted of 11 sur-

plus areas and 30 deficit regions. It was based on the actual 1961

production- consumption conditions. Transportation rates for all

transportation problems were 196Z rail freight rates. Situation I

assumed that all pork was shipped from the producing regions as

fresh meat. Situation II was also based on 1961 conditions but

assumed all pork was shipped on the live-hog basis. Total



transportation costs were found to be considerably higher for

shipping live hogs than for shipping dressed meat. Situations UI,

IV and V were projections to 1970. Consumption was predicted

through the use of the demand function described earlier. Projec-

tions of population and income were necessary for this part of the

study. In these situations certain states that were deficit in 1961

were assumed to be surplus. These included Texas, Montana,

Georgia, Tennessee, and Oregon.

The minimum cost solution for all situations indicated that

Minnesota, Nebraska and North Dakota are the primary competitors

with Oregon for the Pacific Northwest pork market.

An analysis of cost of production in Oregon and in the corn

belt states indicated that Oregon farmers are at a cost of production

disadvantage because of higher feed costs in Oregon. Further, this

feed cost differential more than offsets the freight rate advantage

held by Oregon producers.

If the present feed grain cost relationships continue into the

future, Oregon farmers will likely be at a cost of production dis-

advantage for some time. Thus, until something is done to change

the cost of production differentials between Oregon and the Midwest,

increased hog production will not represent a sound, long run invest-

ment for most Oregon farmers.

Even if the relative position of Oregon farmers did improve

and production in Oregon increased, physical feed production



limitations will likely prevent Oregon from becoming an important

hog producing state.
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AN ANALYSIS OF THE COMPETITIVE POSITION
OF OREGON HOG PRODUCERS

CHAPTER I

INTRODUCTION

Increases in Oregon per capita personal income have not kept

pace with the growth in average UnitedStates per capita income over

the past two decades. In 1940 Oregon income was 111 percent of

United States average income. This has declined slowly until in

1960 per capita personal income in Oregon was only 101 percent of

United States average per capita income (8Z, p. 319). Even more

important, Oregonfam income is consistently l,gging behind non-

farm Oregon income. Farm income as a percent of nonfarm income

hit a high for the past 30 years of 14 17 percent in 1945 However,

this percentage dropped to 4 55 percent in 1961, representing an all

time low (Table 1). It might appear that the relative decline of farm

income with respect to rionfarm income is to be expected as more and

more people move to urban areas. However, since 1950, the decline

in relative farm income share has been more rapid than the relative

decline in farm population (82, p. 20).

In an effort to reverse this trend and improve the income

situation of Oregon farmers, many aspects of Oregon farming are

being examined in detail. Some individuals are looking toward in-

creased production of meat animals to fill the income gap. During



Table 1. Comparison of income sources in Oregon and United States1

1 United States Department of Agriculture, Economic Research Service, Farm Income Situation, Washington, July 26, 1963

Year

Farm Cash Receipts
Without Gov't Payments Oregon Personal Income Payments

Oregon Income +
U. S. Income

Oregon Farm Income +
Non-farm IncomeU. S.

(1,000)
Oregon
(1,000)

Total
(1,000)

Farm
(1,000)

Non-Farm
(1,000)

1930 $ 9, 05Sf 000 $111,858 $ 593,000 $ 65,000 $ 528,000 1.23 .12.31

1935 7, 120,000 95, 576 464, 000 40, 000 414,000 1. 34 12.08

1940 8,382,000 112,427 677,000 68,000 609,000 1.34 11.17

1945 21,663,000 328,302 1,740,000 216,000 1,524,000 1.51 14.17

1950 28, 512, 000 389, 744 2, 451, 000 216, 000 2, 235, 000 1. 37 9.66

1955 29,556,000 403, 110 3,139,000 204,000 2,935,000 1.36 6,95

1960 34, 012, 000 415, 943 3,962, 000 188, 000 3, 774,000 1. 22 .4.98

1961 35,243,000 412,771 4,089,000 178,000 3,911,000 1.17 .. 4.55



3

the past two decades, cash receipts from livestock as a percent of

total cash receipts decreased from over half to 45 percent (Table 2).

There are indications that if the decline in relative share of cash

receipts coming from livestock could be reversed, the income posi-

tion of Oregon farmers could be improved. That is, if more of the

steps in the vertical process of meat production can be kept on

Oregon farms, income would be almost certain to increase.

Traditionally the slaughter livestock producing areas of the

United States have been located within or close to the major feed

grain producing areas. En the past 20 years feed production has

approximately doubled in Oregon (Table 3). Much of this increase

has come from increases in yield per acre. However, high grade

slaughter livestock production has not moved extensively into the

western feed grain producing areas. A recent study has shown that

only about one-fourth of the feed grain is fed on the Oregon farms

where it is produced (58).

At the same time this increase in feed grain production has

been taking place, the rapid growth of population in the West has

continued. The demand for meat created by this increase in popula-

tion has outstripped the production of meat animals in the West.

Thus, the surplus feed grain along with rapidly increasing

population indicate that the Pacific Northwest is an area of consider-

able potential in the development of slaughter livestock. Livestock



Table 2. Income sources for Oregon Farmers1

Cash Receipts for Oregon

1 United States Department of Agriculture, Economic Research Service, Farm Income Situation, Washington, July 26, 1963.

Year From Hogs
From All
Livestock

Total From
All Sources

Livestock as °/ of
Total Cash Receipts

Hogs as 9 of
Total Cash Receipts

Hogs as % of
Total Livestock

1930 $ 3,998,000 $ 57,904,000 $111,858,000 51.7 3.5 6.9

1940 4, 877, 000 61, 445, 000 112, 427, 000 52.0 4. 1 7.9

1950 10,405,000 183,605,000 389,744,000 46.7 2.6 5.7

1960 8, 342, 000 192, 083, 000 415,943, 000 45. 2 1.9 4. 3



'U.S. Dept. of Agri
Reporting Board.
Washington. June,

culture. Statistical Reporting Service. Crop
Crop production in the UnitedStates.
1963 (Cr Pr 2-2)

Table 3. Total feed grain production in Oregon for various years.

Year
Corn

(1,000 ibs)
Oats2

(1,000 ibs)
Barley2

(1,000 ibs) Total

1946 66.00 165.90 362. 96 595

1947 69,00 171.84 408. 76 650

1948 61.56 121.81 465. 02 649

1949 63.96 173.81 336. 69 575

1950 61.50 152.57 414. 11 629

1951 74.52 131. 07 401. 16 607

1952 69.00 172.70 402. 74 645

1953 66. 24 138. 83 439. 22 644

1954 95. 70 203. 01 748. 76 1048

1955 153.60 162.05 686. 90 1003

1956 156. 00 198.74 820. 80 1176

1957 159.84 190.16 839. 73 1190

1958 183. 18 182. 56 763. 78 1130

1959 184.00 125.67 754. 06 1064

1960 250.68 123. 16 631.76 1006

2Convertedto corn equivalent.
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may represent a method by which grain can be marketed with an

economic advantage and may be a means by which farm resources,

now underemployed, can be more efficiently used.

The rapidity with which hog production can be ircreased, the

relatively low investment required to undertake the enterprise, and

the variety of conditions under which hogs can be produced, suggest

that hogs may be a profitable livestock alternative for western

farmers.

At the present the corn belt regionis the onlymajor surplus

hog producing area in the UnitedStates. The fact that this area is

located a great distance from the Pacific coast states, along with the

feed and population situation, seems to indicate that Oregon is in an

exce1lent geographical location for increasing hog production. Not

only does California represent economic potential for Oregon produced

pork but alo, it would take approximately twice the present pork

production in Oregon simply to fill the present pork deficit in this

state. The 1961 Oregon deficit amounted to the equivalent of over

700, 000 ZOO-pound market hogs. Total consumption in Washington,

Oregon and California was equal to 11,532,000 200-pound market

hogs while total production in these states was only about 1,000,000

200-pound hogs. This left a 1961 deficit of about 10, 500, 000 market

hogs, a deficit equal to total production in Illinois, the second largest

pork producing state.
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Hog production in Oregon has fluctuated greatly over the past

30 years. As a result of the tremendous wartime demand for meat,

production reached a peak of 360, 000 hogs in 1944. The low came

only ten years later when hog production dropped to less than 100, 000

hogs. At the present, bog production is considerably below the past

30..year average (Figure 1).

Not only has income from hogs declined in absolute terms but

also it has declined relative to total income from livestock in

Oregon. In 1940, hogs accounted for about eight percent of total

income from livestock. During the last 20 years, however, this has

been approximately cut in half (Table 2). During this 20-year period,

no county has had any significant increase in hog production. In

fact, only three counties have had any increase at a11; Glackamas

has increased from 19, 200 to 19, 500; Marion from 25, 000 to 25, 500;

and Josephine from 3, 100 to 3,700. On the other hand, certain

eastern counties such as Wallowa and. Malheur have incurred con-

siderable decreases (Table 4). The comparative maps in Figures 2

and 3 illustrate the shift in relative concentration of production. It

can be seen that production has tended to concentrate in the central

Willamette Valley with Linn, Marion and Clackamas counties being

the three most important hog producing counties at the present.

However, Umatilla and Union counties have also had relative in-

creases in production since 1940.
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Table 4. Number of hogs on Oregon farms by counties, 1940 and
1960. 1

Census Report of Agriculture. Washington. 1962.

9

Benton 6,000 3,000
Clackamas 19, ZOO 19,500
Lane 13,000 7,700
Linn 19,000 12,500
Marion 25,000 25,500
Mu].tnomah 8, 300 2, 900
Polk 7,000 3,500
Washington 11,500 8,700
Yamhill 12,000 6,500
Clatsop 1,000 600
Columbia 3,300 3,000
Coos 3,000 800
Curry 2,900 500
Lincoln 1,500 600
Tillamook 3,300 1,400
Douglas 8,500 5,000
Jackson 7,400 4,700
Josephine 3,100 3,700
Gilliam 3,800 900
HoodRiver 3,400 800
Morrow 3,800 2,900
Sherman 5,000 1,200
Umatilla 13, 500 12, 500
Wasco 13,000 1,000
Wheeler 3,500 1,300
Baker 14,000 5,500
Maiheur 18, 000 8, 500
Union 14,000 10,400
Wallowa 27, 000 9, 000
Crook 3,000 2,000
Deschutes 5,000 2,700
Grant 3,600 2,000
Harney 1,800 500
Jefferson 1,200 2,000
Klamath 9,400 3,900
Lake 3,000 800

State Total 301,000 184,000

1 U.S. Dept. of Commerce. Bureau of census. United States

County 1940 1960
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The purpose of this study was to examine the economic

feasibility of increasing hog production in Oregon; that is, to

analyze the desirability of reversing the present trend of declining

hog production.

It would appear from the picture presented so far of adequate

demand, large feed grain supply, geographical location, and low in-

come that if the price system is working properly,, an increase in

hog production by Oregon farmers would be signaled. The fact that

this increase has not taken place does not mean the price system is

faulty; rather it may indicate that hogs do not represent the profitable

investment that they appear to on the surface. Therefore, the ob-

jectives of this study were:

To analyze the present and future demand for Oregon-

grown pork,

To determine the factors affecting supply response of

Oregon farmers,

To determine the competitive position of Oregon hog

producers with respect to producers in other regions,

To indicate policy implications to Oregon farmers of

certain possible changes in the tJnited' States hog produc-

tion patterns.



CHAPTER II

DEMAND ANALYSIS

In order to analyze the profitability of increasing hog produc-

tion on a long run basis, it is necessary to make some judgment

concerning present and future demand for this product. However,

certain problems arise when demand analysis is attempted. These

problems are founded primarily on the nonavaila.bility of adequate

data. In general, consumption information for virtually all corn-

moditiesis available for the UnitedStates on both total and per capita

basis. However, information on pork consumption by states is not

available.

In contrast to the nonavailability of consumption data, prices

of pork and other commodities are reported by states for each year.

Therefore, under the assumption that factors influencing United

States consumption are also the factors that affect pork consumption

in individual states, a United States demand model was estimated

and used to predict consumption by states.

Methods of Demand Analysis

There are two general approaches to the study of demand;

the historical or time series method and the point-time controlled

13
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pricing method. For obvious reasons, the point-time method of

controlled changing of prices and observed consumption variation

was not feasible. Thus, this project relied on the time series

method.

The time series method of demand analysis may be divided

into two submethods. The first carries on in the tradition of

Henry L. Moore, using the single-equation least squares approach.

The second centers around the Cowles Commission and use multiple

or simultaneous-equations.

The two approaches were developed approximately three dec-

ades apart with the single equation analysis being developed as the

forerunner in 1914. Schultz, in 1938, (67, p. 63) wrote "the statis-

tical study of demand is a new field and may be said to be the crea-

tion of only one man - Professor Henry L. Moore. " In his book

Economic Cycles: Their Law and Caise (61), Moore obtained equa-

tions expressing the relationship between quantities demanded and

the prices of various agricultural commodities. He also determined

the precision of these equations for estimating prices and obtained

measures of price elasticity of demand for these commodities.

Fox (18, p. 8) indicates that the "theoretical monument" in

the development of the simultaneous approach is the Cowles Com-

mission Monograph No. 10, Statistical Influence in Dynamic Eco-

nomic Models (50).
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Most investigators agree that there are certain cases when

the simultaneous equation method must be used in order to prevent

attaining biased results. The bias enters the single equation meth-

od when the dependent and independent variables are interrelated;

that is, when the value of the dependent variable influences the

value of the independent variable. Thus, the simultaneous approach

is the more generally applicable. However, the simultaneous eqxta-

tion analysis is more difficult to carry out and involves more

resources in terms of time and money. Further, certain authors

such as Fox (18, p. 5) point out that there are special cases in which

the single equation approach gives an unbiased prediction of the de-

mand curve. The basic problem seems to be one of prediction vs.

estimation (53, p. 451). That is, the best prediction of a certain

economic variable such as price or quantity- can usually be obtained

from the single equation, least squares analysis. However, the

estimation of parameters like elasticity of demand or supply may

not be unbiased if the interdependency of the variables does exist.

If the interdependency does not exist, it is possible that even these

estimates will be unbiased (18).

After extensive detailed study comparingthe two methods,

Kuznets (54, p. 892) concluded that any differences in the estimated

parameters were due to various reasons and that: ItIn general . .

the alternative estimates appear to. be equally acceptable.
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As the primary purpose of the analysis was to predict a

variable; consumption, the single equation analysis was judged to

be sufficient. This decision seems particularly valid in view of the

fact that it is doubtful if the more elaborate and expensive simul-

taneous equation procedure would have improved the results within

the limits of statistical reporting errors which are no doubt contained

within the data.

Market demand is defined as a schedule or curve showing

the various quantities of a particular good that will be purchased at

corresponding prices at a particular time and place (or in other

words, all other things equal). A time series demand curve is in

fact a trend line resulting from the connection of points that occur

during a number of different time periods. Therefore, great care

must be exercised in the interpretation and derivation of the statis-

tical demand curve.

Time series data may, depending on the relative shifts of the

actual demand and supply curves over time, give either a supply or

demand curve. That is, each of the points used to derive a time

series demand is in reality the result of the intersection of a de-

mand and supply curve. Thus, if over time, demand shifts relatively

more than supply, the points will be on a positive curve and the re-

sult will appea:r to be a supply curve. On the other hand, if supply

shifts relatively more than demand, the trend line will appear to be
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a demand curve (84).

In general, in the case of agricultural food commodities, the

demand curve over time tends to remain relatively stable while the

supply curve is quite variable. This is because farmers sell prac-

tically their entire crop regardless of price. Thus, the trend line

would resemble a demand curve, More important however, Working

(84, p. 224) indicates:

Whether a demand or a supply curve is ob-
tained may also be affected by the nature of the
corrections applied to the original data, The cor-
rection may be such as to reduce the effect of the
shifting of the supply schedules. In such a case the
curve obtained will approximate a demand curve,
even though the original demand schedules fluctuated
fully as much as did the supply schedules.

By intelligently applying proper 'efinern ents,
and making corrections to eliminate separ3tely
those factors which cause demand curves to shift
and those factors which cause supply curves to
shift, it may be possible even to obtain a demand
curve and supply curve for the same product and
from the same original data.

Demand theory conventionally specifies that for an individual

consumer, the quantity of the commodity consumed depends uponits

own price, prices of competing goods, individual incomes, and fac-

tors that reflect changes in tastes and preferences. Market demand

which is our concern here, is the summation of these individual de-

mands. Through the use of regression analysis it is possible to iso

late the factors which cause the demand curve to shift. Therefore,
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according to the above statements by Working, it should be possible

to obtain a demand curve from the data.

Empirical Demand Model

In general it is relatively simple to decide which factors

exert the most influence on pork consumption on the UnitedStates

level. That is, if the determinants of demand are listed, it is pos-

sible to determine which specific factors are important. The deter-

minants of demand once more are: income, tastes and preferences,

prices of other goods, and, if market or total demand is being pre-

dicted, number of consumers. In order to treat the problem of

number of consumers but yet preserve the possibility of dealing

with total consumption, all consumption or demand analysis was

done on the basis of per capita consumption.

The first factor, income, is rather difficult to consider.

The question of whether personal or disposable income should be

used is important. With the information available, personal income

seems to indicate relative purchasing power between or among in-

dividuals in different regions as well as disposable income. Person-

al income is income before income taxes are paid while disposable

income is income after income taxes are deducted. Most research

deals with disposable income rather than personal income. However,

the difficulty with disposable income is that it greatly overestimates
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the spending power of individuals in certain states that have high

sales taxes but low income taxes relative to the purchasing power of

individuals in states with high income taxes but little or no sales

taxes. This is true because state income taxes would be deducted

from personal income to obtain disposable income while state sales

taxes are not. Thus, the variable, per capita personal income was

included.

Changes in taste and preference either toward or away from

pork were not directly considered in the regression model. However,

because time series analysis was used, the change in tastes and

preference toward pork would be indirectly expressed in the data.

Only two competitive goods, beef and chicken, were considered

as major determinants of the consumption of pork. Other meat

products such as lamb or turkey were not deemed important enough

to warrant the loss of degrees of freedom in the model. Therefore,

as the variable to be predicted was consumption of pork, the two

independent variables price of chicken per pound and price of beef

per pound were used.

The three variables, personal income, price of chicken and

price of beef give the location of the time series demand surface.

However, as it is also necessary to consider the relevant point on

the surface at any particular time, the important variable, price of

pork also had to be included.



20

The time series demand analysis included the years 1948-

1961. The war and immediate post-war years were not considered

and it was believed that going back beyond 1941 would be economical-

ly nd statistically meaningless because of the many and large

changes in the determinants such as tastes or preference and per

capita income over that number of years.

Probably the most difficult decision in dealing with predic-

tion of demand through the use of time series data is how to take

into account inflation or deflation in the economy and their effect on

income and prices. This is a particularly difficult problem because

in an inflationary period the price of many goods or services will

rise rapidly while prices of certain others will remain relatively

stable, For example, during the past decade items such as housing,

transportation, medical care, and recreation have gone up in price

a great deal more than food (82). In order to be able to express this

element, it was decided to use personal income deflated by the use

of the consumer price index of all items less food. The prices of

pork, beef and chicken were left undeflated. This made it possible

to isolate the inflationary effects of other goods and services on in-

come while at the same time making it possible to consider relative

shifts among consumption of different foods due tQ inflation.

The data used for the regression analysis are given in

Table 5.



Table 5. UnitedStates data used to derive demand equation for
pork.

1U. S. Dept. of Agriculture. Statistical Reporting Service. Crop
Reporting Board. Agricultural prices. Washington. January,
1961 (Pr. I)

2U.S. Dept. of Commerce. Official Business Economics. Survey
of current business. Washington. April, 1962.

21

Year

Y
Consumption

of Pork1

xl
Price of

Pork1

x2
Price of

Beef1

x3
Price of
Chicken'

x4

Income

1948 67.8 61.7 75.3 61.0 1765
1949 67.7 55.8 68.4 60.7 1700
1950 69.2. 55. 1 75.4 59. 5 1812.
1951 71.9 59.2 88.2 61.8 1881
152 72.4 57.5 86.6 60.7 192.2
1953 63. 5 63. 5 69. 1 59. 7 1957
1954 60. 0 64. 8 68. 5 53. 8 1922
1955 66. 8 54. 8 67. 5 57. 4 2016
1956 67.3 52. 1 66. 0 49.0 2091
1957 61. 1 60.2. 70.6 46.9 2097
1958 60.2 64.8 81.0 46.5 2066
1959 67.6 57. 1 82.8 42. 0 2127
1960 65.2 56.7 81.0 42.2 2138
1961 62.3 59.2 79.2 38.5 2163



The model used for the demand prediction was

= + p1X1 + p2X + p3X3 + 134X4 +&

where Y is per capita pork consumption per year in pounds, i a

coristant,/3 the regression coefficient for X1, X1 the average

United States retail price per pound for pork, X2 the average United

States retail price per pound for beef, X3 the retail price per pound

for chicken, X4 partially deflated per capita personal income and

and error term with mean of zero and standard deviation of ø.

Results of Empirical Demand Analysis

The derivation of the demand equation was accomplished

through the IBM 1960 Stepwise Regression Program.

The derived equation was as follows:
1'.
Y = 67. 88903 - .67930X1 + . 29577X2 + . 29698X3 - . O0046X

(. 07846) (. 04105) (. 07420) (. 00420)

The numbers in parentheses are the standard errors of the

respective parameters. The parameters for the three price vari-

ables were significant at the . 05 level. However, the income co-

efficient was not significantly different from zero.

Although the income coefficient was not significant, it is

important to note that the sign on the coefficient is negative. This

is consistent with results obtained in a Kansas St.te University

study (44, p. 12). The Kansas study used a demand model consisting

22



23

of consumption as the dependent variable and price of pork, price

of beef and disposable income as the independent variables. All

coefficients, including the negative income coefficient, were signifi-

cant in that study. Therefore, evidence indicates that pork tends to

be an inferior good.

In an earlier periodSchultz found a positive income coeffici-

ent. Analysis by R. J. Foote and Karl Fox also came up with a

positive relationship (16). This seems to imply that pork has

changed from a normal good to an inferior good in the past decade.

The signs of the price coefficients in the equation above

which indicate that consumption of pork is inversely affected by

price of pork and directly related to price of chicken and beef are

logical from an economic viewpoint.

A number of elasticity coefficients were derived from the de-

mand equation. The average elasticities for the 14-year period were

obtained as well as the average elasticities for the years 1948-50

and 1959-61, inclusive. The later two give an indication of possible

changes in the elasticity coefficients over the 14-year period.

These are given in Table 6. The elasticity table shows that there is

no clear trend in price elasticity for pork. That is, the 14-year

average is higher than the three-year average at either end of the

14-year period.
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Table 6. Elasticity coefficients derived from United States demand
equation.

The changes in the cross elasticity coefficients do seem to

follow certain patterns. The cross elasticity of pork with respect to

beef is considerably higher for the 1959-61 average than for the

1948-50 average. The larger coefficient for the latter period is un-

doubtedly due to the higher beef prices during this period. The

average retail price of beef from 1948-50 was 73. 03 cents per

pound while the 1959-61 average was 81, 00 cents per pound. On

the other hand the three-year average prices of pork were virtually

the same, 57, 43 and 57. 67, between the two periods. This indicates

that as the price of beef rises relative to the price of pork, the mar-

ginal rate of substitution of pork for beef becomes greater.

Table 5 shows that during the 14-year period, the price of

chicken declined considerably with respect to the price of pork.

Therefore, pork became less of a substitute for chicken and the

cross elasticity of demand for pork relative to chicken became lower

during the period in question.

1948-61 av, -. 6053 . 3395 . 2380 -. 0138

1948-50 ay. -. 5727 .3166 . 2629 -. 0119

1959-61 ay. -. 6024 .3682 . 1868 -. 0152

Year Price ED Cross ED . Cross ED Income ED
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Although the income coefficient in the demand equation was

not significant, it is interesting to note that the income elasticity

became increasingly negative over the period. This seems to ex-

press the changing consumer preference against the higher fat con-

tent meats like pork. This should also point out to farmers the im-

portance of raising lean meat type hogs.

Pork Consumption by States

The derived United States demand equation wa.s ised to pre-

dict pork consumption by states. The important assumption here

was that the factors determining United States pork consumption are

also the major determinants of pork consumption in the individual

states. Predictions were made for the year 1961.

Individual state commodity prices and personal income were

substituted into the demand equation. The income variable was in-

cluded in the predicting equation because the equation derived through

least squares analysis is designed to give the best prediction of the

variable involved. Tests of significance are only to test the individu-

al coefficients. Therefore, even though a specific estimated coeffici-

ent is not significant, its inclusion in the equation will tend to im-

prove prediction of the dependent variable.

Aggregate retail price per pound of pork and beef were actual-

ly not available by states. However, prices of individual cuts of







1 U.S. Dept. of Agriculture. Statistical Reporting Service. Crop Reporting Board. Agricultural
prices. March, 1961. (Pr I)

Table 7. (continued)

State Ham1 Bacon' Pork Chops1 Sausage1 Lard' Aggregate Pork

North Carolina 61. 5 58. 6 69.2 50.4 20.9 51. 6
South Carolina 59. 3 60. 7 69. 4 58. 5 20. 6 52. 3
Georgia 59. 1 60.3 67. 6 55. 0 19. 5 51. 2
Florida 59.6 61.2 72.0 57.1 22.6 53.1
Kentucky 60.9 57.4 70.9 50.3 19.0 51.0
Tennessee 62.4 59. 5 65.4 47.6 18. 0 50. 1
Alabama 56.2 58.6 63.6 49.2 19.2 48.4
Mississippi 56.7 58.0 65.6 51.8 19.4 49.2
Arkansas 60. 2 60. 4 65. 6 46. 2 20. 3 50. 2
Louisiana 61. 1 63. 1 64.7 59.0 21.6 52.9
Oklahoma 57. 5 58.3 66.0 51. 5 20.6 49. 8
Texas 58.1 60.4 66.6 54.7 21.1 51.0
Montana 60.5 64.7 72.4 46.9 21.8 52.3
Idaho 58.7 64.7 74.7 44. 1 21.9 51.6
Wyoming 61. 4 64. 6 70. 7 48. 0 24. 3 53. 1
Colorado 58.4 63.4 74.5 46. 5 21.4 51.5
NewMexico 60.5 62.9 73.9 51.0 20.0 52.4
Arizona 66. 1 64. 3 75. 0 47. 5 23. 4 55. 0
Utah 65. 2 66. 9 79. 8 49. 7 24. 0 56. 2
Nevada 64.5 71.5 84.5 52.5 27.0 58.4
Washington 65. 5 72. 7 85. 1 52. 5 27. 2 59. 0
Oregon 64.3 68.6 82.5 50.0 21.8 56. 1
California 60. 6 67. 4 86. 1 52. 2 24. 6 56. 0
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assumption did not greatly affect the final results.

Due to the fact that retail prices for relatively few cuts of

beef are available and because the cuts that are' reported make up a

small share of the total carcass weights, it is necessary to use a

different approach to derive retail beef prices by states. Retail

beef prices are reported in the following manner: an overall United

States average retail price of beef as well as UnitedStates average

prices of round steak, ground beef and chuck roast is reported each

year. Also, average retail prices of round steak, ground beef and

chuck roast are reported by states (78).

The procedure was to take the simple average of retail

price per pound of round steak, ground beef and chuck roast. Then,

it was found that in 1961 the ratio of theaggregate UnitedStates re-

tail price of beef to the average price of round steak, ground beef

and chuck roast was 1. 17. It was then assumed that this same ratio

would hold for each individual state. Therefore, the ratio of 1. 17

was multiplied by the simple average of the three cuts for. each

state in order to derive the retail price of beef in that state.

Prices of individual cuts as well as the derived beef prices are

given in Table 8.

Retail price per pound of chicken by state was reported in

such a manner that no further adjustment was needed in this data.

Likewise, per capita personal incomewas reported by states.



Table 8. Retail price of certain beef cuts and aggregate beef price derived from these three prices.

Maine 102.0 60.7 63.5 86.9
New Hampshire 113.0 61.2 63.2 91. 1
Vermont 108.0 60.6 60.1 88.0
Massachusetts 118.0 62.8 59.4 91.5
Rhodelsland 110.0 67.0 67.0 94.6
Connecticut 121.0 62.0 61.5 92.1
New York 106.0 59.6 58. 5 85. 3
New Jersey 118.0 58.0 59.3 91.0
Pennsylvania 97. 2 58. 9 56. 8 82. 8
Ohio 95.0 61.0 53.6 80.4
Indiana 88. 5 56. 7 5. 5 77. 8
Illinois 93. 1 60. 0 54. 9 80. 3
Michigan 89.0 59.4 53.0 77.8
Wisconsin 80. 8 56. 7 53. 5 74. 5
Minnesota 85. 0 60. 2 53. 4 77. 6
Iowa 90. 0 60. 1 54. 4 79. 6
Missouri 91.2 57.2 51.8 77.9
North Dakota 86. 9 59. 8 56. 5 79,. 4
South Dakota 88. 8 58. 1 54. 1 78. 6
Nebraska 87. 8 57. 0 48. 1 75. 0
Kansas 92.6 57.6 50.0 78.6
Delaware 95. 0 62. 0 63. 0 85 2,
Maryland 84. 2 57.

6

60. 0 83. 2
Virginia 91.8 57.6 56.7 79.3
West Virginia 92.3 62. 0 55. 3 81.9

State Round Steak1 Chuck1 Hamburger' Aggregate Beef



Dept. of Agriculture. Statistical Reporting Service. Crop ReportiñgBoard. Agricultural
prices. March, 1961. (Pr. I).

Table 8. (continued)

State Round Steak' chuck1 Hamburger1 Aggregate Beef

North Carolina 93. 0 58. 7 54. 0 79. 2
South Carolina 92.4 59. 1 56. 6 81. 3
Georgia 93. 3 60. 2 55. 1 80. 7
Florida 89. 0 56. 4 55. 0 78. 3
Kentucky 89. 7 56. 4 52. 0 77. 8
Tennessee 89. 1 55. 7 50. 8 76. 8
Alabatna 89.6 56.2 50.8 75.6
Missiasippi 89.5 57.3 5.2 77.5
Arkansas 89.4 56.4 52.9 78.0
Louisiana 86. 0 55. 1 55. 6 77. 5
Oklahoma 88.0 55.5 51.8 76.3
Texas 88. 3 55. 0 50. 5 75 2
Montana 92.0 58.2 51.3 78.5
Idaho 89. 2 57. 0 48. 0 75. 7
Wyoming 95.0 58..0 51.5 79.6
Colorado 89. 5 57. 0 50. 1 76. 1
New Mexico 94.0 58.7 54. 0 81. 5
Arizona 91. 0 60. 3 54. 6 80. 0
Utah 92.0 58.0 51.6 78.6
Nevada 99.0 63.0 57.0 85.8
Washington 96.8 61.6 52.5 83.8
Oregon 93. 1 60. 6 53. 9 80. 0
California 93.5 57.8 49.4 79.4
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However, as. deflated income data was used to derive the United

States demand equation, it was necessary to deflate the state

personal income figures through the use of the consumer price

index of all items less food.

When personal income and the three commodity prices were

obtained by states, the individual state data were.used.with..tiie

parameters derived for the United.. States demand equation to predict

per capita consumption in each individual state.

The summarized state data along with the predicted per

capita pork consumption are given in Table 9.

In order to check the accuracy of the predicted. consumption

figures, United States per capita consumption was derived fromthe

individual states by multiplying the state per capita figure by the

state population, summing these total state consurnptions, and then

dividing by the total United.States population. The United.States

average predicted consumption was 66. 3 pounds per person. The

actual reported average consumption for the United States was 62. 3

pounds. Thus, it was obvious that the derived demand equation was

biased upwards when used to predict the individual state 1961 con-

sumption. Therefore, a factor of four pounds w s subtractedfrom

each state consumption prediction in order to force the predicted

consumption figur.e to equal the actualUnited States consumption.

The adjusted consumption data are also given in Table 9. It is not
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Table 9. Data used for prediction of consumption by states, 1961
including predicted consumption and adjusted consumption

Pork
Price
Per

Chicken
Price
Per

Beef
Price
Per

Adjusted
Average
Personal

Predicted Adjusted
Consumption Consumption Total

State Pound Pound Pound Incon Per Capita Per Capita Population Consumption
( Cents) (Cents) (Cents) (Dollars) (Pounds) (Pounds) (1,000) (Pounds)

Maine 58.7 41.7 86.9 1787 65.98 61.98 992 61,484,160
N.H. 56.8 40.8 91.1 2003 68.24 64.24 621 39,893,040
Vt. 55.6 38,5 88.0 1787 67,57 63.57 395 25,110, 150
Mass. 56.4 39.6 91.5 2471 68.24 64.24 5,234 336,232,160
R. 1. 60.2 39.7 94.6 2170 66.62 62.62 867 54,291,540
Conn. 59,0 39.8 92.1 2766 66.69 62.69 2,614 163,871,660
N.Y. 55.3 39.2 85.3 2683 67.02 63.02 17,033 1,073,419,660
N.J. 56.8 39.3 91.0 2567 67.72 63.72 6,244 397,867,680
Pa. 55.0 37.9 82.8 2155 66.13 62.13 11,468 712,506,840
Ohio 51.5 37.2 80.4 2209 67.59 63.59 9,876 628,014,840
md. 48.5 36.3 77.8 2091 68.60 64.60 4,711 304,330,600
Ill. 52,5 36,8 80.3 2517 66.74 62.74 10,258 643,586,920
Mich. 53.2 36.3 77.8 2153 65.40 61.40 7,954 488,375,600
Wis. 51.3 35.5 74.5 2095 65.48 61.48 4,022 247,27,560
Mimi. 50.2 38.1 77.6 2010 67.92 63.92 3,470 221,802,400
Iowa 53.5 39.5 79.6 2044 66.69 62.69 2,779 174,215,510
Mo. 49.9 35.9 77.9 2136 67.55 63.55 4,378 278,221,900
N. D. 52.7 39.2 79.4 1403 67.12 63.12 640 40,396,800
S.D. 52. 8 39.6 78.6 1705 66.92 62,92 690 43, 414, 800
Nebr. 49.5 36.3 75.0 2038 67.09 63.09 1,431 90,281,790
Kans. 51.2 37.2 78.6 2038 67.27 63.27 2, 194 138, 814, 380
Del. 54.6 37.0 85.2 2860 66.80 62.80 458 28,762,400
Md. 53.4 37.3 83.2 2342 67.15 63.15 3,188 201,322,200
Va. 52.0 35.9 79.3 1806 66.56 62.56 4,059 253,931,040
W.V. 52.2 36.2 81.9 1596 67.30 63.30 1,830 117,105,000
N. C. 51.6 33.3 79.2 1550 66.05 62.05 4,614 286,298,700
S.C. 52.3 35.3 81.3 1362 66.80 62.80 2,407 151,159,600
Ga. 51.2 34.5 80.7 1554 67.12 63.12 3,987 251,659,440
Fla. 53.1 37.0 78.3 1884 65.84 61.84 5,222 322,928,480
Ky. 51.0 34.8 77.8 1537 66.49 62.49 3,076 192,219,240
Tenn. 50,1 36.5 76.8 1507 67.31 63.31 3,615 228,865,650
Ala. 48. 4 34. 7 75.6 1403 67.59 63. 59 3, 302 209,974, 180
Miss. 49.2 34.5 77.5 1165 67.56 63.56 2,215 140,785,400
Ark. 50.2 35.2 78.0 1342 67.22 63.22 1,797 113,606,340
La. 52.9 34.6 77.5 1535 65.05 61.05 3,321 202,747,050
Okia, 49.8 35.6 76.3 1776 67.08 63.08 2,360 148,868,800
Tex. 51.0 35.6 75.2 1864 65.94 61.94 9,788 606,268,720
Mcnt. 52.3 43,1 78.5 1897 68.26 64.26 682 43,825,320
Ida. 51.6 44,2 75.7 1752 68.24 64.24 684 43,940, 160
Wyo. 53.1 40.5 79.6 2234 67.24 63.24 338 21,375,120
Cob, 51.5 38.3 76.1 2315 66.64 62.64 1,781 111,561,840
N.M. 52.4 40.4 81.5 1721 68.29 64.29 983 63, 197,070
Ariz. 55.0 42.1 80.0 1924 66.57 62.57 1,391 87,034,870
Utah 56.2 41.4 78.6 1871 65.13 61.13 916 55,995,080
Nev. 58.4 44.0 85.8 2798 66.48 62.48 299 18,681,520
Wash. 59.0 50.9 83.8 2250 67.57 63.57 2,902 184,480,140
Oreg. 56.1 47.8 80.0 2155 67.50 63.50 1,799 144,236,500
Calif. 56.0 43. 1 79.4 2631 65.96 61.96 16, 397 1,015,958, 120
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surprising that the equation would result in either an upward or

downward bias. Any time there is a correlation coefficient of less

than one, some of the observations will be above the regression

surface while others will be below. In this case, the actual consump-

tion was below the consumption predicted from the regressionsur-

face. Thus, it was necessary to adjust the prediction so that it

would come as close as possible to the actual consumption.



CHAPTER III

SUPPLY ANALYSIS

In order to analyze the economic position of Oregon: hog

producers, it is necessary to underst.nd the factors that affect the

supply response of these producers. The general method of this

portion of the study was basically the same as with demand analysis.

The principal approach to supply response was through time series

least squares regression analysis. Also, however, the problems are

encountered of whether a simultaneous equation analysis should be

used and of whether time series data give demand or supply curves.

These two problems were discussed in detail in the previous

chapter. The conclusipns which also apply to this chapter were that

there is no proof that for this type of data the simultaneous equation

approach will add enough to offset the added expense it will entail.

Likewise, it was indicated that proper assumptions and choice of

variables will allow the derivation of either or both a demand curve

and a supply curve from a given set of data.

While it is relatively simple to determine the major factors

that affect pork supply on the national level, the evaluation of im-

portant factors on an individual state basis may be quite difficult.

This is because the factors influencing farmers:as a whole may be
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quite different fromthe factors influencing farmers in a particular

state. This is especially true for a state which is of minor impor-

tance in the industry. That is, factors influencing Iowa farmers in

hog supply response would be quite similar to those influencing the

UnitedStates supply response simply because of the large portion of

United States production that is made up by Iowa hog producers. On

the other hand, a large change in hog production in Oregon due to,

for example, changes in barley production would still be an insigni-

ficant change in total United States production. Thus, while total

UnitedStates production would still be rising because of large corn

crops, hog production in Oiegon might be falling because of low

barley yields. Therefore, prediction of supply response in Oregon

from important United States variables may prove to be inadequate.

The determinants of supply are primarily based on two con-

cepts known as direct costs and alternative costs. Direct costs

are affected by technique of production and resource prices. Al-

ternative costs are determined by the prices of alternative or com-

petitive commodities. Not only are actual resource andalternative

commodity prices important, but also, expected future prices of

these items may exert influence on the supply curve. It should be

recognized that the above factors determine the location of the

supply curve. Price of the good in question determines the relevant

point of production on the supply surface.



Empirical Supply Response Analysis

In studying one part of a particular industry, it ia important

to determine the relationship between this part and the entire

industry. Thus, an attempt was made to relate Oregon liogproduc-

tion to United States hog production.

Figure 4 shows that for the years 1935 to 1961 there is no

distinguishable relation between total hog production in Oregon and

in the United States. However, a look at the graph shows that from

1950 on, Oregon hog production does appear to follow United States

production rather closely. A simple regression of Oregon produc-

tion with respect to UnitedStatesproduction for the years 1950-61

shows that there was a significant relationship between these two

variables for that time period.

As there was a significant relation between United States and

Oregon production, the logical next step was to try to ascertain if

any one UnitedStates variable was important in determining hog

production in Oregon.

Variables expressing both direct and alternative costs were

tested. Actual data and first differences were used for each vari-

able. The analysis included the following: average United States

37

A
Derived equation: Y = -17. 1 + 3. 59(X), r = 6724. Both

b and rare significant at 5 percent level.
2Source of data for independent variables: Hog Prices (78).
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hog-corn price ratio with a one-year lag, average of October,

November, and December United States hog-corn price ratio with a

one-year lag, average beef-steer-corn price ratio in Chicago with

both one-year and two-year lags. The introduction of lags. in the

data rests on the assumption that farmers tend to base their deci-

sions to increase or decrease future hog production on present price

relationships. Dean and Heady (11) indicates that t1is pattern of

response by farmers makes the cobweb theorem applicable to hog

production. It was assumedfromapriori knowledge that a one-year

lag would be sufficient when dealing with changes in hog production

that result from changes in the hog-corn price ratio. On the other

hand, it is feasible that shifts from hogs to cattle or cattle to hogs

which would result from changes in the beef-corn ratio would take

from one to two years.

Each of the variables above were tested through simple re-

gression analysis. None of the relationships was significant.

As it appeared that no single United States factor was signi-

ficant in explaining the variation in Oregon hog production, it was

necessary to analyze the effect of Oregon factors on Oregon supply

response, Many factors could logically seem to affect Oregon pro-

duction. The effect of these factors were analyzed individually. It

was found that the factor which, on a priori economic grounds, would

seem to be most important, actually was the only variable that





The derived supply function estimating the model was:

-. 1606 - 10. 2113 + 1. 3254X + . 1555 X3
(3. 518) (.8081) (. 0711)

Where
A
Y = First difference in predicted production in Oregon in

million pounds.

= First difference in ratio of price of beef steers to price
of hogs in Oregon with a two-year lag.

X2 = First difference in ratio of price of hogs to barley price
in Oregon with a one-year lag.

X3 = First difference in average October, November,
December hog-corn price ratio for the United States
with a one-year lag.

Data for the equation included the years 1949-196 1. Figures

in parenthesis are the standard errors of the parameter estimates.

All coefficients are significant. The correlation coefficient for the

function was . 73. Data from which the first differences were

derived are given in Table 10.

The equation was used to predict 1962 and 1963 hog produc-

tion in Oregon. Predicted 1962 production .was 59.0 million pounds.

Actual 1962 production was 55. 5 million pounds. This represents

an error of about 6 percent. Predicted 1963 production was 57. 0

while preliminary estimates by the United States Department of

Agriculture put Oregon 1963 production at 57. 1 million pounds. A

graph of actual and predicted production is givenin Figure 5.

In order to make use of the available information, a new
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Y Production of hogs in Oregon in million pounds.
X1 = Ratio of price of cattle to price of hogs in Oregon with a two-

year lag.
X2 = Ratio of price of hogs to price of bar.ley with a one-year lag.

= Average of October, November, December United States hog-
corn price ratio with a one-year lag.

Table. 10. Data for Oregon supply function.

Year Y xl x2 x3

1947
1948

61. 0
61.2

82
79

13. 8
15. 5

16. 6
11.3

1949 64. 4 68 21.2 17. 6
1950 51.2 80 17.4 14. 8
1951 52. 5 85 16. 1 13. 1
1952 52. 5 1. 08 16. 2 11.3
1953 37. 9 1.22 13. 0 11.4
1954 41. 9 1. 06 19. 5 15.8
1955 54. 6 66 20. 8 12. 8
1956 49. 8 61 17. 7 11.0
1957 47. 0 81 15.7 12. 7
1958 49. 9 83 20. 2 17. 0
1959 6z. 3 84 21. 6 18. 0
1960 54. 5 98 16. 1 12. 3
1961 56. 9 1. 29 16. 2 18. 1
1962 55. 5 1.14 17. 1 15.4
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regression, including: 1962 data, was run. This was then used to

predict 1963 production. The derived equation was:
I'

4631 -9. 091(X1) + 1. 2887(X2) + . 086(X)
(3. 18) (.7513) (. 068)

The variables were the same as for the previous function.

The introduction of the extra year actually decreased the explained

variation. Also, the coefficient forX3 was no longer significant.

Further, the inclusion of 1962 actually decreased the accuracy of

the 1963prediction. Predicted 1963 production from this equation

was 56. 6 as compared with 57. 0 with the previous equation. This

is not surprising if one examines the data for 1962. Some variable

not included in the function apparently influenced 1962 production.

For example, the ratio of price of cattle to price of hogs decreased

and the ratio of price of hogs to price of barley increased. Move-

ment in these directions of these variables would ordinarily call

forth an increase in bog production. In fact, however, production

declined from 1961 to 1962. This also explains the relatively large

error in the prediction of 1962 production with the previous equa-

tion. The equation predicted an increase of 2. 1 million pounds

while actual production declined by 1. 4 million pounds.

This analysis indicates expected response of all farmers in

Oregon. However, further information concerning supply response

was needed. In particular, knowledge as to what growth should be
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expected in existing firms was desired. For this information it

was necessary to use production function analysis. This will be

discussed in the next chapter.
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CHAPTER IV

PRODUCTION FUNCTION ANALYSIS

Types of Production Functions

The term "production function" is applied to the physical

relationship between a firm's input of resources and its output of

goods or services per unit of time. This is usually a physical rela-

tionship rather than one involving prices. The output which a firm

can produce depends upon the quantities of resources used. The

firm can increase or decrease output by increasing or decreasing

the quantities of all resources used. Also, resources can usually

be combined in varying proportion to produce a commodity.

The technical aspects to be consideredin fitting a produc-

tion function revolve around a number of factor-product relation-

ships. The possible relationships which a production function might

express include (a) increasing marginal returns, (b) constant mar-

ginal returns, (c) decreasing marginal returns, and (d) negative

marginal returns. Also, certain factor-factor relationships such as

whetherthe factors are substitutes or technical complements and

whether the isoclines are linear or curved, can be expressed in cer-

tain types of production functions (27, p. 8).

There are numerous types of functions available for
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scale but only for one at a time. Returns to scale are given by the

sum of the bfs in the estimated equation. If the coefficients sum to

one, the function is showing constant returns to scale while if the

coefficients sum to greater or less than one, the result isin-

creasing or decreasing returns respectively.

Although the function allows for changing marginal product

ratios, it cannot express ranges of both increasing and decreasing

marginal products. Likewise, the equation will not properly re-

present a production surface which contains both positive and negative

margina'. products (30, ch. 3).

The power function assumes that the expansion path is a

straight line. In other words, the marginal rates of substitution

remain the same at all points on a straight line from the origin.

Therefore, the isocline and scale line are the same and, if the

function properly describes the data, added resource use as a

means of expanding output should extend along the scale lines (32,

ch. 8), A further limiting assumption of this function is that it

implies that resources approach complementarity at some ratio of

combination. That is, the isoquants asymptotically approach the

axes. This indicates thatthere is an unlimited range i.n which pro-

portions of two factors can be varied to produce a given amount of

output. Carter (27, p. 169) writes that this characteristic may

cause the Cobb-Douglas function to overestiniate the MVP of capital
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investments and underestimate the MVP of labor.

Although the Cobb-Douglas has an important advantage of

saving on degrees of freedom in the calculation of the parameter

estimates, it also has an important statistical disadvantage. This

disadvantage arises from the fact that the function is transformed

from a power function to a logarithm function. It must be remem-

bered that in the model where

Y = X ... X 1n E,
1 2 n

it is assumed that the error term is normally independently dis-

tributed with mean zero and standard deviation o-. Further, the at"

or "F test of significance for the parameter estimates is dependent

on an error term that follows a distribution as described above.

However, when the transformation from the original model to a

logarithmic function is made, log E is no longer normally distributed

with a mean of zero. This means that the typical tests of significance

cannot be used to test the regression coefficients in order to deter-

mine if the parameters are different from zero. This is of further

importance because it is quite common to test the individual coef.-

ficients and the sum of the coefficients to determine if they are

significantly different from one, or in other words, to test the func-

tion for returns to scale.

The seriousness of this shortcoming depends somewhat on

the use of the function. Tintner (74, p. 27) explains this by writing:
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If errors in the data are small and normally
distributed, a logarithmic transformation of the vari-
able will preserve the normality to a substantial de-
gree. But even if the errors are n,t normally distri-
buted and not independent we shall still get the best
linear estimate in a certain sense by the application
of the method of least squares. Tests of significance,
however, are no longer valid.

This is true because in the mechanics of regression analysis,

no assumption is made about distribution o1 the error term until

the coefficints are actually tested for significance. Regression

analysis is not designed to give the best estimate of the regression

coefficient, rather, the best prediction of the dependent variable.

Therefore, if one is interested in predicting the dependent variable,

this shortcoming does not apply. However, if, as is the usual case,

an individual wants to know more about certain aspects such as

marginal product, elasticity of production, and returns to scale,

it may then be necessary to test the regression coefficients for

significance. Thus, there is some question as to how useful the

Cobb-Douglas function actually is. In spite of this, many research-

ers continue to test the coefficients for significance with the Ittil

or 11F" test. Tintner, even after making the above statement that

tests of significance are not valid, is guilty of this. After solving

for his equation by transforming to logs, he goes on to say,

In order to test statistically the nature of or
production function, we will utilize only the data for
all forms. We make the hypothesis that there is a
linear homogenous production function or that the sum



of the regression coefficients, is one. This is equiva-
lent to the statement that (apart from management)
there are constant returns to scale. An increase of
all inputs, e.g., by 10 percent will increase the out-
put by 10 percent, etc. The distribution of the errors
is also assumed to be normalt! (74, p. 30).

The only way the coefficients of the Cobb-Douglas function

could be tested in the normal manner would be if the model were

Y = aX1 X2 Xn
where is actually 10 and 4i is normally, independently distri-

buted with mean zero and standard deviation . When the function

is transformed into logs, logE.= log 10 which, if the logs are to

base 10, would equal 4l or . In this way, the transformed error

term would be normally distributed with mean zero. However, a

model with an error term following this peculiar distribution would

be limited to few uses.

The quadratic and square root functions. 1oth have greater

flexibility than either the Cobb-Douglas or Spillman functions.

These functions allow for changing elasticities of production and

marginal product ratios. A cubed or cube root term may. be added

to include increasing, decreasing or negative marginal returns.

The quadratic equation is of the form

= a+ + P2x12 +p3x2 + P4x22 + 5xjx2 +

for a two factor function. Square root terms would be substituted
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for the squared and cross product terms for the square root function.
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These functions result in isoquants that may or may not

intersect the axes of a contour map of the production surface. This,

according to Heady (27, p. 12), allows the inputs to be substitutes,

both substitutes and complements, or technical complements on

the same production surface. Likewise, there is no longer the

limiting assumption that the scale lines and isoclines are identical.

Probably the most important advantage of the polyonomial

equations over the Cobb-Douglas function is that the coefficients for

the derived equations can be tested for significance with the 1't' or

'F1' test. However, the coefficients do not give elasticities of

production directly as do thecoefficientsin the Cobb-Douglas func-

tion.

The Cross-Section Production Function

It is important to point out the important difference between

the theoretical production function described at the beginning of the

chapter and the typical empirical cross-section function that is

used in this study. The derived equation is different from the

theoretical function because it deals with different firms rather than

one firm.

The marginal physical product on a theoretical production

function is the change in product of that one firm as the firms input

changes. On a cross section production function however, the
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marginal product i the rate of change in the output as we vary the

quantity of the factors employed by passing from one firm to

another.

AU points are in existence at any given time with the derived

function while with the ordinary function only one point on the sur-

face is in existence. That is, each point on the derived function

refers ta the actual output of some firm corresponding to the actual

quantities of factors that it uses. Further, only one point onthe

theoretical production function is lhe most profitable at any given

timc. However, on a cross sectional fi.inction all points could be of

equal profitability.

Reder (65, p. Z60) says the cross section function is "...

the locus of the output and factor-c1uantities of all firms included in

the study.. . ". The relationship between the derived function and

the theoretical production function for each firm is illustrated in

Figure 6. It can be seen that as Reder indicated above, the derived

function is in fact the locus of input-output relationships of the

firms in the study. Reder and Bronfenbrenner have distinguished

the two functions as interfirm and intrafirm (65, p. 263).

Possibly the biggest danger in calculating a function in this

manner is that it must be assumed that each inputoutput quantity

that forms the derived function is the profit maximizing quantity

(65, p. 260). In fact, the point at which a particular firm is
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producing may or may not be its maximum profit output. If a point

is used that does not represent a maximum profit output and mar-

ginal product is calculated at this point, the results may be quite

misleading. Further, as the derived function is actually a locus of

points of many production surfaces, theoretically, unless the long

run average cost curve has a horizontal portion along the lowest

point, all points of the derived function would degenerate into one.

Thus, the assumption that all points are maximum profit points

necessarily implies that the long run average cost curve has a flat

portion. The length of this horizontal portion will depend on the

variation in the size of firms included in the data.

Data for the Empirical Production Function

The data for the derivation of the empirical function was ob-

tained from a sample survey of Oregon hog producers. The survey

included approximately one-third of the hog producers inl counties

which are considered to be the most important potential hog pro-

ducing areas of the state. These 1Z counties were chosen on the

basis of past production, production trends, feed availability, al-

ternative enterprises, and certain institutional factors. The

counties were concentrated in two general areas, the Willamette

Valley and the Northeastern Blue Mountain area. The Willamette

Valley which is area one included Clackamas, Marion, Liun, Lane,
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Benton, Polk, Yamhill, Washington, and Wasco counties. The

Blue Mountain area (area two) was made up of Umatilla, Union, and

Wallowa counties.

The population for the survey was defined as all commercial

hog producers within the counties with five or more brood sows

and/or 40 or more fattening hogs. In this case it was possible to

obtain a list of the entire popnlationbefore the sample was drawn.

The populati.on list was obtained through interviews with county

extension agents, vocational agricultural teachers feed dealers,

packing plants, county and state swine breeders association and

farm organizations. The total numberof hog producers was 375,

with 300 in area one and 75 in area two.

The population was sampled on the basis of a stratified ran-

dom sample with the main strata being the Willamette Valley and

the Blue Mountain area. Each stratum was divided into snbstrata

consisting of counties. This was done because the estimates of the

population characteristics will be more precise if the variation be-

tween or among strata is made as large as possible and the varia-

tion within each strata is made as small as possible. If each

stratumor substratum is homogenous inthat the individual meas-

urements vary little from one to another, a precise estimate of the

stratum characteristics can be obtained from a small sample.

Likewise, the stratum estimates can be combined to provide a
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precise estimate for the population characteristics (10, ch, 5).

Sample size in area one was 60 or 20 percent of the total.

In area two, the sample size consisted of 50 percent or 38 producers.

It was necessary to include a larger percent in area two in order to

have a sample large enough to obtain reliable estimates of the

characteristics of the population within this stratum. The sample

size for each substratum or county was based on the nuruberof pro-

ducers in that county. That is, sample size (ij) in area i where

i = 1 or 2, county j where j goes from one to nine in area one and

one to three in area two is found as follows:
N..n.. = n. (..j.

1J 1

In this equation the nij and n1 refer to the sample and N and

refer to the population. When the sample size for each county was

determined, an independent random sample was drawn from each

county.

In addition to information concerning the swine herd, inven-

tory figures of cropland, pasture and all livestock were includedin

the schedule. The survey was taken during the summer of 1961.

Inventory numbers of sows, gilts fattening hogs, and boars for

January 1, 1961, summer 1961, and expected numberon

December 31, 1961 were taken from each farmer. In addition,

general information such as percent of feed grown, whether or not

hired help is involved, method of feeding, future plans for the swine
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enterprise, and alternatives or competitive enterprises was

obtained.

The most detailed section of the questionnaire dealt with

capital investment in building and equipment for the sow and fattening

herd. Investment data were obtained for all buildings and individital

pieces of equipment. In many cases this involved the problem of

allocation of the value of a particular building or piece of equipment

between or among the swine enterprise and certain other enerprises.

This was particularly true of feed storage, tractors and trucks.

The general questionnaire was only one phase of the survey.

The second phase consisted of daily feed and labor records for each

farmer. Each producer was asked to keep these records for four

weeks. However, the weekly periods did not run consecutively.

That is, each producer kept daily records for one week each month

for four months. The starting dates were staggered so that the

actual record period for the entire sample covered every week

from July 10 to November 5. At the present, most farmers are

following a multiple farrowing plan whereby they are farrowing new

pig crops every month or every two months. Thus, almost any

four-month period will include from one to four farrowing periods,

several weaning periods and one complete fattening period for each

producer.

The feed and labor sheets were designed so that one sheet
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would cover one week. The sheets were tacked on the barn door,

granary door or wherever else the farmer would pass most fre-

quently. Thus, it was a simple matter for the farmers to check the

proper time square or mark in the amount and kinds of feed. The

farmers sent in the completed sheets at the end of each weekly

record period. Follow-up letters as well as a second personal con-

tact with each farmer helped to encourage them to continue providing

the data.

In order to make it possible to derive the cross sectional

production function, it was necessary to obtain some common

measure of production. That is, some farmers raised only sows

and weaning pigs, others only fed out fattening pigs, and still

others raised both. Thus, it was necessary to use conversion

figures to convert the various types of hogs to animal units. In

this case, all production was converted to ZOO poundmarketing hog

equivalents. The conversion figures were based on research by

Burlingame and Shultis (7) and were as follows: fattenirghogs less

than four months, 0.8; fattening hogs more than four months, 1. 0;

dry sows and boars, 1. 23; sows with pigs, 2. 31; sows with pigs

and dry sows combined, 1. 54. The number of hogs used for the

converted figure were the average number of each type on hand

during the four weekly periods. The converted data which actually

malice up the dependent variable for the production function are given
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in Appendix Table 1. Given in the same table are the three inde-

pendent variables which were included in the function. These are:

hours of labor per week, total investmeut in buildings and equip-

ment, and total feed cost. Like hog numbers, the labor variable

was the average total labor for the four weeks. As the farmers re-

ported only the type and quantity of feed fed, it was necessary to

either convert the feed data to some common feed equivalent such

as corn equivalent or to us value terms. Total value of feed fed

was the method that was adopted. The price used was the average

per hundred for each feed at several feed dealers in October 1962.

Slight price reductions were given by most feed dealers for large

scale purchases.

Fitting Production Functions

Three types of production functions were fitted to the data

described in the previous section. These were fitted through the

use of the 1620 IBM Computor with the Stepwise Regression

Program.

The Cobb-Douglas function derived from the data was of the

fo rm:



A b bY=aX1 lX2 2x3. 1

As indicated previously, it was necessary to convert the function

to a logarithmic equation as follows:
I-'

log Y = log a+b1 log X1+b2 log X2+b3 log X3.

The resulting equation was:
A

log Y = 4745 + .0117 log X1 + .01882 log X2 + 1.0281 log X3.
(.0108) (.0151) (.9169)

The variables accounted for 99. 068 percent of the variation in the

dependent variable.

In spite of the question raised in an earlier section concerning

whether or not tests of significance with the Cobb-Douglas function

are valid, the parameters were tested for significance. Only the

coefficient for feed, b3 was significantly different from zero.

As mentioned before, the regression coefficients of the

Cobb-Douglas function directly give elasticity of production of the

respective factors of production. Also, the sum of the coefficients

express returns to scale, In this case, the sum of the coefficients

was not significantly different from one. This indicates constant

returns to scale in the hog producing industry in Oregon. Likewise,
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1 9 = predicted production in number of 200 pound
market hog equivalents.

a and b = parameter estimate.
= total investment in buildings and equipment in

dollars,
X2 = weekly labor input in hours.
X3 feed cost in dollars.
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each individual regression coefficient was tested. The coefficient

for labor and investment indicated decreasing returns to each of

these factors. The feed coefficient, however, was not significantly

different from one, showing constant returns to this variable. This

means that there is no real difference in the eLficiency of feed con-

version obtained by different commercial hog producers.

Certain inconsistencies came forth when attempts were made

to fit the quadratic and square root functions to the input-output

data.

The derived quadratic function was:

Y = -10. 5845 - . 0005X1
(.0004)

.0040X22 - 0000l3X31
(.0062) (.000025)

+ . l740X2 + . 0552X3 + . 00000049X12+
(.2485) (.0018) (.00000025)

- . 00047X1X2 + . 0000022X1X3 + . 00090X2X3
(.00019) (. 0000014) (.00067)

The following square root function was found:
A
Y = -13. 2852 + . 0028X1 + . 5004X2 + . 0290X3 - . 280Wj -

(.0009) (.6135) (. 0050) (. 1323)

The variables in each equation are the same as or the Cobb-

Douglas function. Numbers in parenthesis are the standard errors

3. 4677j
(3. 6016)

+ - .

(.

. 9818'.f
(.3370)

i0i6bC1X2 + . 0049'sIX1X3 + . l879i
0367) (.0030) (.0857)

of the parameter estimates. For the quadratic function regression

coefficients for X3, X32 and X1X2 were the only significant coeffici-

ents. With the square root function, coefficients for X1, X3, i57,

and were significant.
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Both equations gave increasing returns to labor and invest-

ment and both showed negative labor-investment interaction terms.

These are results that are biologically and economically illogical.

The quadratic equation indicated decreasing marginal returns to feed

while the square root furction showed increasing margin returns.

The multiple correlation coefficient for the sqiare root function

was . 9958 and for the quadratic function was . 996.

The inconsistent and illogical results as well as the extremely

high R values can be traced to the high correlation of feed with out-

put. The simple correlation coefficient of production and feed was

99544 Thus, virflially all of the variation in production is explain-

ed by variation in feed inputs. Further, the intercorrelation of

feed and labor and feed and investment were quite high (r1 = . 688

and r2 = .761, respectively). Therefore, even though the correla-

tin between labor and production and investment and production

was significant (simple correlation coefficients of . 77Z and . 704

respectively), they added little in explaining the variation in produc

tion over and above that explained by feed input. Hence, it can be

said that as feed input increases either labor or investment or both

must necessarily increase. Thus, the changes in labor and invest-

ment are tied to feed and add little to the prediction of output. For

this reason the apparent inconsistent results of the quadratic and

square root functions are not greatly disturbing. In view of the
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above mentioned interrelationships, there is little advantage in

using a multiple variable function. If one is used, little significance

can be attached to the coefficients for other than the feed inputs.

It was hoped that because of the question of validity of tests

of significance with the Cobb-Douglas function, the quadratic and

square root function could be used to test implications of the Cobb-

Doulgas equation. However, in view of the results that were obtained

from tl-ie quadratic and quare root equations, it was deemed imprac-

tical to make any further analysis with the derived equations.

The important implication of this analysis is that if there is

constant returns to scale in the industry, there will be no real tend- L/

ency toward larger or smaller sized plants. Further, this me3ns

that existing plants can be duplicated. Hence, it would be possible

to experience an expansion in hog production by increasing the num-

ber of relatively small plants that exist in Oregon today. Also,

this indicates that within the r.nge of plant size included in the

survey, there would be no diseconomies of increasing plant size.

Although per unit profit could not be improved by plant expansion,

total profit, as a result of more units being sold, would increase.
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CHAPTER V

INTERREGIONAL COMPETITIVE ANALYSIS

The production pattern of any commodity is deter' med by

relative rather than absolute costs of production. This is known as

the law of comparative advantage. The concept of comp. rative ad-

vantage was developed in the time of Ricardo and Mill. I is evident

that in any region the cost of producing one product can me ex-

pressed as a ratio to the cost of producing another prod ct. Accord-

ing to Ricardo (66), each area tends to produce those pri ducts for

which its ratio of advantage is greatest as compared wit I other

areas, or its ratio of disadvantage is least.

The early economists that developed and elabora ed the law

of comparative advantage did not consider the possible e fects of

transportation costs, It was a later generation of econo ists that

brought forth what is now known as location theory. Mot notable

among this group were Von Thunen and Alfred Weber. hese in-

dividuals emphasized not only production costs but also ocation as

expressed by transportation costs (59, p. 20). This pro ided the

basic groundwork for contemporary location theory. Present day

location theory analyses are known as interregional corn1. etition

studies. Heady and Carter (30, p. 978) state;



In the literature of agricultural economics,
interregional competition refers to the competitive
or rival position of spatially defined sectors.
Focus is on how changes (a) jn production functions,
factor prices and institutions (and their eifect on
production possibility and supply functions) and
(b) in demand functions, generate differential regional
changes in product outputs, factor inputs, product
and factor prices and farmer incomes.

The transportation model is the well established and simplest

method of analyzing interregional problems. The transportation

model refers to a special type of linear programming which deals

with the distribution pf a single commodity from various supply

sources to various demand points. The model generally results in

a minimizing shipment pattern. That is, the market is cleared with

minimum total outlay for transfer costs. This would be identical to

the theoretical equilibrium flow solution obtained under pure compe-

tition.

The "Transportation Problem" as it is commonly known was

first studied by F. L. Hitchcock in 1941 and then later by

T, C. Koopmans (50). It was finally placed in the framework of

linear programming and solved by the simplex method by

G. B, Dantzig in 1951 (50, ch. 32). Since 1951, the range of appli-

cation of the transportation model has steadjly widened.. A recently

completed thesis (37, ch. 2) describes aptly the important application

and contributions of econometricjans and mathematical economists

to the further development of spatial equilibrium models.
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As indicated before, the transportation problem deals with

the shipment pattern of a commodity from various sources to various

destinations. The amount of surplus or deficit for each region must

be known. Likewise, shipping and receiving points and transportation

costs between the points must be specified.

The formal model can be described as follows:

Assume there are m supply regions S1, ... , Sm with

surpluses of a1, . . , am and n demand regions with deficits b1,

b respectively. The amount shipped from the ith source to the

jth destination is Xjj and the shipping cost per unit is Cj The

solution expresse the values of withi = 1, . .. , m and 3 1,

n that must exist for the total shipping cost to be a minimum.

TQtal transportation cost can be expressed in equation form where

C = c11 X11 + c12X12 + ... + cm X1 + cZl +X21 + ,.. + c Xzfl +

C X +... +c Xml ml mn mn
1=1 j.=l

Unless a dummy region is used to absorb leftover surpluses,

it is assumed that total surplus is equal to total deficit, that is,
m

Lai = Lb.. This constraint imposes the condition that total ship-
11 j1
ments to all destinations from any source must be equal to the

capacity of that source. Therefore,

Proserties of the Transportation Model

m n
c13 X3.
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subject to

and
xii = 0

X.. =a.
13 1

i = 1,

j=l

X b j = 1, . , n

i1, .,mj=1, ...n
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Xjj+Xj2+... +Xawherei=1, ...,m.
Likewise, the deficit of every destiution must by ful1y satisfied by

total shipments from all sources. Hence,

X1 +X + + = b where i = l 21 . 11.

Finally, there is usually a noi-negativity constraint for eath i andj

so that X1.. 0.

The mathematical formulation of the transportatior model

can be summarized as: m

Minimize f (X) = c1 X
n i= 1

Modifications of the transportation model can be established

by changing cj to include more than transportation cost. Other in-

put data such as differentials arising from cost of production, pro-

ces sing costs or selling costs may be added to the transport costs.

This will result in a minimum total cost pattern of production and

shipment.

Also, changes can be made in the assumption concerning the

elasticity of supply and demand. The typical problem considers
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demand and supply as perfectly inelastic. H. M. Hutchings has

demonstrated a method whereby supply can be considered as rela-

tively inelastic (37). His supply function, however, was not con-

tinuous. It consisted of a discontinuous step function. The model

was designed so that each step of each regions supply was independ".

ent, This made it possible to make supply in each region a variable

rather than a constant, In this way, a certain region might come in

as a supplier, then as the cost of the commodity from this region

would rise, some other area might take over the market. After a

time, cost in all areas could possibly rise high enough to bring the

first area back into production. A continuous function or even a dis-

continuous function of this type is closer to reality than either an

assumption of perfect or imperfect elasticity of supply. The prac-

tical shortcoming of this approach is the great amount of detailed

knowledge that is required covering supply response of producers in

each region. This limits the application of the approach to com-

modities that are produced in relatively few, small areas, In view

of this requirement along with the fact that hog production is not

concentratedin a few small areas of the United States, collection

of the data necessary to build anything other than a perfectly in-

elastic supply was considered well beyond the scope of this study.

It was recognized that the assumption of perfectly inelastic supply

imposes severe restrictions on interregional competitive analysis.
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However, because of the small amount of information available, it

was deemed illogical to assume different supply elasticities for dif-

ferent regions. It should be noted that the assumption of perfect in-

elasticity holds only for each specific problem. This unrealistic as-

sumption was partially overcome by changing production patterns

for different problems. These patterns will be discussed later.

Sources of Date for Empirical Analysis

The initial step of this portion of the study was to divide the

United States into various regions. Decisions concerning regional

borders are guided primarily by data availability. That is, data on

population, feed production, hog production, etc. are qi,i.ite difficult

to obtain on other than state or national basis. Therefore, it is al-

most impossible to delineate areas that include only portions of a

state. Hence, the problem basically comes down to a decision as to

how many states to include in each region. It was decided that

each individual state would make up a region except for certain

Eastern states. Vermont, Maine, New Hampshire, Massachusetts,

Rhode Island, and Connecticut were combined for one region and

New Jersey, Delaware and Maryland made up another. Thus, the

analysis was based on 41 separate regions.

The analytical transportation method requires that a single

shipping or receiving point be selected for each region. The cities
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representing these points were selected so as to be centrally

located with respect to population concentration in each area. It is

recognized that the selected cities do not necessarily reflect points

of greatest volume shipping. However, it was deemed more im-

portant to select points centralized with respect to population thanit

was to determine actual cities from which tIe volume was shipped.

Transportation rates, which will be discussed later, among these

cities provided basic data for tlie solution of the transportation prob-

lem. The regions and points representing these, regions are shown

in Figure 7,

State pork consumption predictions from chapter two of this

thesis were compared with hog production data from each state in

order to ascertain which regions were surplus producers of pork and

which states were deficit. As cons'nption was in terms o dressed

weight and production was expressed in live weight, it was necessary

to convert production from live weight to dressed weight. A con-

version figure oi 57 percent was used. This factor excludes lard

and was obtained from a 1957 Agricultural Marketing Service publi-

cation (75, p. 5). The data in Table 11 shows that of the 41 regions,

11 were surplus and 30 were deficit. The surplus areas are contig-

uous and are located in or around the corn belt (Figure 7).

The transportation rates for pork between these cities were

obtained for both live hogs and dressed meat. Truck rates were not



Figure 7. Pork surplus and deficit regions for 1961 and points repre]senti,ngthese regions.
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Table 11. Production and consumption and the resulting surplus or
deficit by state, 1961.

Maine 61,484, 160 3,377, 580 -58, 106, 580
New Hampshire 39, 893, 040 2,251,720 -37, 641, 320
Ye rmont 25, 110, 150 1,688,790 -23, 421, 360
Mas sachusetts 336, 232, 160 15, 762, 040 -320, 470, 120
Rhode Island 54, 291, 540 1,688,790 -52, 602, 750
Connecticut 163, 871, 660 2, 814,650 -161, 057, 010
New York 1,073,419,660 23, 643, 060 -1, 049, 776, 600
New Jersey 397, 867, 680 15, 762, 040 -382, 105, 640
Pennsylvania 712, 506, 840 94, 009, 310 -618, 497, 529
Ohio 628, 014, 840 516, 769, 744 -Ill, 245, 096
Indiana 304, 330, 600 978, 372, 347 +674, 041, 748
Illinois 643, 586, 920 1,585,210,893 +941,623, 973
Michigan 488, 375, 600 146,361, 801 -342, 013, 799
Wisconsin 247, 272, 560 422, 760, 433 +175, 487, 873
Minnesota 221, 802,400 823, 566, 597 +601, 764, 197
Iowa 174, 215, 510 2, 554, 576, 360 +2, 380, 360, 850
Missouri 278, Z21, 900 815, 122, 646 +536, 900, 746
North Dakota 40, 396, 800 87, 254 150 +46, 857, 351
South Dakota 43, 414, 800 369, 282, 082 +325, 867, 283
Nebraska 90, 281, 790 525,776, 624 +43 5, 494, 834
Kansas 138, 814, 380 235, 304, 741 +96, 490, 362
Delaware 28, 762, 400 6,192,230 -22, 570, 170
Maryland 201, 322, 200 30, 961, 150 -170, 361, 050
Virginia 253,931, 040 115, 400, 650 -138, 530, 389
West Virginia 117, 105, 000 20, 265, 480 -96, 839, 520
North Carolina 286, 298, 700 241, 496, 971 -44, 801, 728
South Carolina 151, 159, 600 82, 750, 710 -68, 408, 889
Georgia 251, 659, 440 248, 815, 061 -2, 844, 378
Florida 322, 928, 480 55, 167, 141 -267, 761, 339
Kentucky 192, 219, 240 253, 318, 501 +61, 099, 262
Tennessee 128, 865, 650 226, 860, 791 -2, 004, 858
Alabama 209, 974, 180 167, 753, 141 -42, 221, 039
Mississippi 140, 785, 400 92, 883, 450 -47, 901, 949
Arkansas 113, 606, 340 71,492, 110 -42, 114, 229
Louisiana 202, 747, 050 35, 464, 590 -167, 282, 460
Oklahoma 148, 868, 800 88, 380, 010 -60, 488, 789
T exa s 606, 268, 720 181, 826, 392 -424, 442, 328
Montana 43, 825, 320 30, 961, 150 -12, 864, 170

Total Total Net Deficit (-)
State Consumption Production or Surplus (+)
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Table 1].. (continued)

State
Total

Consumption
Total

Production
Net Deficit (-)
orSurplus (+)

Idaho 43,940,160 24,205,990 -19,734,170
Wyoming 21,375,120 6,192,230 -15,182,890
Colorado 111,561,840 36,027,520 -75,534,3O
NewMexico 63,197,070 8,443,950 -54,753,12Q
Arizona 87, 034,870 4,503,440 -82, 531,430
Utah 55,995,080 11,81,530 -44,173,550
Nevada 18,681,520 2,251,720 -16,429,800
Washington 184,480,140 28, 146, 500 -156,333,640
Oregon 114,236,500 33,775,800 -80,460,700
California 1, 015, 958, 120 53, 478, 350 -962, 479, 770

Total 11,380,193,090 11,380, 193, 090 00,000,000,000
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available for many of the routes in the study. Therefore, transpor.

tation costs were based on rail freight rates. These were obtained

from central offices throughout the United States. Because the

model does not provide for shipments among deficit areas or among

surplus areas, it was not necessary to obtain rates for these flows.

in many cases two or more railroad companies would quote rates

for a given route. In these instances, the lowest charge was used.

For the later part of this analysis, it was necessary to assume

certain deficit areas were surplus. Hence, flows of pork that do

not exist at the present were made theoretically feasible. Where

there are no present flows of a commodity, railroad companies in

general do not have a rate structure established. Thus, it was

necessary to estimate certain transportation charges. This be-

comes quite difficult in that transport costs are not based only on

distance. In fact, charges between the same two cities for different

direction flows are likely to be different. In spite of this, mileage

is the only real basis from which rates can be predicted. Simple

linear regression of reported transportation costs with respect to

mileage between points were run. The derived equations were then

used to predict the unknown transport costs. The final rate

1For liv hogs: 44. Z715 + . 10Z6 (X1), r .88. For
dressed meat: = 97. 8247 + . 1065 (X2), r = .61. Where Y1 is
predicted shipping cost per hundred weight andX is mileage be-
tween points. All parameters were significant.



structures for live hogs and dressed meat are given in Appendix

Tables 2 and 3 respectively.

Results of Empirical Analysis

The primary purpose of using the transportation model was

to determine which states would tend to offer the greatest degree of

competition with Oregon hog producers. Hence, it was necessary

to analyze a numberof different assumed situations. Each situation

will be discussed in this section. The problems were solved on the

1620 IBM Computor.

Situation I - Dressed Pork, Oregon Deficit

The first transportation model was designed to determine

equilibrium flows under 1961 conditions. It was assumed that all

pork was processed in the producing areas and shipped as dressed

pork. The problem consisted of 11 surplus areas and 30 deficit

areas. The minimum total transportation cost flows are given in

Table 12. The shipment pattern illustrated in Figure 8 shows that

Minnesota would be the primary supplier of pork to the Pacific

Northwest. It is evident that North Dakota and South Dakota would

hold an absolute freight rate advantage over Minnesota in shipping

to Oregon. However, the solution is based on the principle of com-

parative rather than absolute advantage and in this case, Minnesota

77



Table 12. Equilibrium minimum transportation cost flows for dressed meat, 1961 (10, 000 lbs.)

-J
03

\TO j1j liii IiH ;I

Sauna
Kansas 417 548 965

Grand Isi.
Nebraska 3192 338 825 4355

Pierre
S. Dakota. 3107 152 3255

Rismarck
N. Dakota 340 129 465

St. Paul
Minnesota 1223 805 1990 14 442 1544 601

Madison
Wisconsin 780 975 1755

Des Moines
Iowa 133& 150 197 605 1673 479 422 20 3420 605 10495 1244 448 282678 23805

Jeffn. Cty.
Missouri 4245 421 19 684 5365

Frankfort
Kentucky 611 611

Springfld.
Illinois 6185 3231 941

Indianapolis
Indiaiia 1094 357 '5289 674C

Totals 1563 805625 164197129 152442 755 548 8254245 605 421 1673 47942220 34201113 968 1385 6185 1049 6533 5750448 68428 2678 6276C



Figure 8. Equilibrium minimum transportation flow for dressed pork, 1961,

Figure 9. Equilibrium minimum tranSportation flow for live hogs, 1961.
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apparentlyholds the comparative advant?.ge. California received

pork from five different regions. It can be seen that Iowa, fur-

nishing pork to 13 deficit areas, is in fact the center of the pork

industry. Iowa shipped pork in every direction except to the

Pacific Northwest.

Total transportation costs for shipping the six billi9n

pounds of pork was 106 rillion dollars. The costs of each flow is

given in Table 13.

Situation II - Live Hogs, Orpgon Deficit

It was assumed here that all hogs needed to supply the

deficit regions in 1961 were shipped live and slaughtered in the

consuming regions. It should be noted that no inference is made

that all pork is shipped by either of the two methods alone. It is

known that some hogs are shipped live and some as dressed pork.

However, there are no figures available that indicate what percent

is transported by either method. The flows derived for the equilib-

rium solution are given in Table 14 and illustrated in Figure 9 on

page 80. A comp.rison of Figures 8 and 9 shows some significant

changes in the shipment pattern. When live hog rates are used,

Iowa gains considerable advantage in, shipping west. In general its

gain to the western markets results in lops of its southeastern ship-

ments. If hogs are transported live, Minnesota no longer has the



Table 13. Transportation cost of dressed pork flows 1961 ($10,000).

\TO
FROM\\.

I
EI1 !

Salina
Kansas 11 5 16

Grand Isi.
Nebraska 80 2 12 94

Pierre
S. Dakota 53 3 19 75

Bismarck
N.Dakota 3 4 2

St. Paul
Minnesota 33 19 82 10 144

Madison
Wisconsin 18 5 23

Des Moines
Iowa 10 2 3 24 6 6 1 51 133 117 6 1 40 400

Jeffn. Cty.
Missouri 1 70 7 9 87

Frankfort
Kentucky 9 9

Springfld.
illinois 1 13 46 77 137

Indianapolis
Indiana 9 10 55 74

Total 36 19 226 4 4 2 3 10 12 11 19 70 9 7 24 6 6 1 51 9 10 18 77 179 117 82 6 9 1 40 1,068



Table 14. Equilibrium minimum transportation cost flows for live hogs, 1961 (10, 000 lbs.

\TO
FROM\\

1I ' 4

Sauna
Kansas 693961 39 1693

Grand Isi.
Nebraska 6741 67 632 7640

Pierre
S. Dakota 2147i411 1813 3 5717

Bismarck
N. Dakota 596 '26 822

St. Paul
Minnesota 10557 10557

Madison -

Wisconsin 3079 3079

Des Moines
Iowa 8106288 775 14487446 2921 .699 1130 7860 10088 41761

Jeffn. Cty.
Missouri 226 102273993534O 41 1952 9140 9419

Frankfort
Kentucky 786 286 1Q72

Springfid.
Illinois 35 326 11461 4698 16520

Indianapolis
Indiana

I
p430 9395 11825

Totals 2743 4111688883426 110105

I I I



1Letters from Clifton B. CQX, Director, Economics
Division, Armour and Company, Chicago, Illinois, July 31, 196Z
and Leonard J. Havercamp, conomist, Wilson and Company,
Chicago, Illinois, July 30, 196Z.
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western advantage it had for dressed meat. Hence, North and

South Dakota filled the Pacific Northwest deficit. Minnesota sent

its surplus directly east to New York.

Total transportation costs for the live hog shipment pattern

are given in Table 15. An important implication arises when total

transportation costs from the live hog flows are compared to

dressed pork costs. This shows that if all the pork that was shipped

from the surplus areas to the deficit areas in 1961 had been shipped

as dressed pork, total cost would have been 44 million dollars less

than if it were shipped as live hogs. This would be expected to en-

courage development of slaughter facilities within the producing

areas rather than in the deficit areas. This is particularly true in

view of information received from two major packing companies

which indicated that processing costs would not be expected to be

higher in the consuming regions. 1 The primary question processors

would have to answerwould be whether or not shipped dressed pork

results in as high quality meat as when live hogs are shipped.

Situation III - Projection to 1970

In order to take into account effects of future changes in



Table 15. Transportation cost of live hog flows, 1961 ($10,000).

\To
FROM\\\\

j iI 111111 41
Sauna -

Kansas 5 10 1 1-6

Grand Isl. -

Nebraska 144 2 4 150

Pierre - -

S. Dakota 39 27 39 5 110

B-lsinarck
N. Dakotaj 10 -2 12

St. Paul
Minnesota - - -

- 152 152

Madison - -

Wisconsin - - 26 - - 26

Des Moines
Iowa 196 6 - - 10 13 84 30 21 16 116 147 639 -

Jeffn. Cty. -

MIssouri 6 9 6 36 11 10 19 13 1 111

Frankfort - - -- - -

Kentucky - - - - 8 3 11

Springfld.
Illinois 1 4 133 55 193

Indianapolis
Indiana - -: - 19 73 92

Totals 49 27 385 6 5 2 2 10 9 10 13 84 10 6 36 11 10 1 56 19 21 19 93 268 133 147 8 16 1 55 151.2
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population and income on the conpetitive positior of Oregon hog

producers, several transportation problems were rui under assumed

1970 conditions. This made it necessary to predict 1970 consump-

tion in each region. Unçler the assumption that factors influencing

pork consumption .t the present would continue to be important in

the future, the equation derived fo chapter two of this thesis was

used for the predictions. As the primary purpose of using 1970

projections was to consider the relative changes in population and

income among regions, prices of pork, beef and chicken were

assumed unchanged from 1961. Personal per capita income by state

for 1970 was estimated as indicated below. The 1956 per capita

personal income in each state was deflated through the use of the

1956 consumer price index of all items less food. The same was

done with 1960 income. The average percent change for each state

during this period was found. It was then assumed that the same

percent change would occur from 1961 to 1965 and then again from

1966 to 1970. Predicted 1970 per capita pork consumption data were

then derived from the demand equation using 1961 prices and 1970

estimated income. The 1970 state population estimates were based

on United States Census Bureau projections. The projected popula-

tion was mu1tipliecIby predicted per capita consumption in order to

obtain total consumption for each state and f,r the Untted States.

These are given in Table 16.
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Table 16. Projected 1970 income, population and consumption.

State

1970
Projected

Income

Predicted
1970

Per Capita
consumption

Total
Projected Proj ected

1970 1970
Population Consumption

Maine 2, 078 65. 5 978 64, 059
New Hmpshire 2, 330 67. 7 660 44, 682
Vermont 2,078 67.0 360 24, 120
Massachusetts 2,873 67.8 5,125 347,475
Rhode Island 2, 524 66. 2 933 61,765
Connecticut 3,218 66.2 2,989 197, 872
NewYork 3,120 66.5 18,055 1,200,658
NewJersey 2,986 67.3 7,445 501, 048
Pennsylvania 2,506 65.7 11,565 759, 820
Ohio 2,569 67.1 11,597 778, 159
Indiana 2,433 68.2 5,453 371, 895
Illinois 2,928 66.3 11,459 759, 732
Michigan 2,503 65.0 9,983 648, 895
Wisconsin 2,438 65.0 4,555 296, 075
Minnesota 2,337 67.5 3,862 260, 685
Iowa 2,377 66.2 2,880 190, 656
Missouri 2,486 67. 1 4, 555 305, 640
NorthDakota 1,632 66.7 639 42, 621
South Dakota 1,982 66.5 709 47, 148
Nebraska 2,370 66.7 1,526 101, 784
Kansas 2,370 66.8 2,375 158, 650
Delaware 3,326 66.4 698 46, 347
Maryland 2,725 66.7 4,126 275, 204
Virginia 2,101 66.1 4,822 318,734
West Virginia 1,857 66.9 1,672 111,857
North Carolina 1,804 65.6 5,058 331, 805
South Carolina 1,585 66.4 2,692 178, 749
Georgia 1,806 66.7 4,304 287, 077
Florida 2,191 65.4 9,239 604, 231
Kentucky 1,789 66.1 3,055 201, 936
Tennessee 1,754 66.9 3,631 242, 914
Alabama 1,632 67.2 3,293 221, 290
Mississippi 1,356 67.2 2,067 138, 902
Arkansas 1,560 66.8 1,482 98, 998
Louisiana 1,786 64.6 3,821 246, 837
Oklahoma 2,066 66.6 2,268 151, 049
Texas 2,169 65.5 12,039 788, 555
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Table 16. (continued)

State

1970
projected

Income

Predicted
1970

er Capita
Consumption

Total
Projected Projected

1970 1970
Population Consumption

Montana 2, 206 67. 7 790 53,483
Idaho 2, 038 67. 7 754 51,046
Wyoming 2, 599 66. 7 361 24,079
Colorado 2, 692 66. 2 2,376 157,291
New Mexico 2, 002 67. 8 1,236 83,801
Arizona 2, 240 66. 1 2,302 152,162
Utah 2,176 64. 6 1,176 75,970
Nevada 3, 256 65. 9 556 36,640
Washington 2, 617 66. 9 3,359 224,717
Oregon 2, 506 66. 9 2,087 139,620
California 3, 060 65. 4 Z3,344 1,526!698

Total 10,311 13,933,431
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For Situation Ill, it was assumed that each state produced

the same relative share that it did in 1961. Thus, percent of total

production by each state in 1961 was multiplied by the predicted

total consumption in 1970 of 13, 933, 431, 000 pounds. This gave

assumed 1970 production in each state and automatically made total

consumption equal to total production. Then, consumption was sub-

tracted from production in each area. The resulting deficits and

surpluses are shown in Table 17. It is interesting note that

Georgia and Tennessee which were deficit in 1961 1ecame surplus

in this situation. Thj was a. resu]t of relatively slow projected pop-

ulation growth. Thus, even though prqduction in these states was

the same relative to other states, consumption was relatively less.

Transportation rates used for the problem were 1961 dressed

pork charges. Dressed meat rather than 1e hog costs were used

because of the relative total transportation cost o1 the two methods.

That is, if the present rate structure coitinued, the long run tend-

ency would be to switch from shipping live hogs to shipping dressed

pork.

The minimum cost flow pattern for Situation III is given in

Table 18. A comparison of these flows with the results from situ.-

ation I indicate no basic chaige jn the pattern of movement except

that arising from the addition of two surplus regions in theSouth-

east. The region most directly affected by the new surplus areas
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Table 17. Production, surpluses and deficits under different assumed 1970 situations

State

Situation III Situation IV Situation V

Production
Surplus

or Deficit Production
Surplus

or Deficit Production
Surplus

or Deficit

Maine 4, 180 -59, 879 4, 135 -59,924 3,666 -60, 393

New Hampshire 2, 787 -41, 895 2, 757 -41, 925 2, 444 -42, 238

Vermont 1, 393 -22, 727 1, 378 -22, 742 1, 222 -22, 898

Massachusetts 19, 507 -327, 968 19, 297 -322, 297 18, 328 -329, 147
Rhode Island 1, 393 -60, 372 1, 378 -60, 387 1, 222 -60, 543

Connecticut 2, 787 -195, 085 2, 757 -195, 115 2,444 -195, 428

New York 29,260 -1, 171, 398 28,945 -1, 171, 713 28, 102 -I, 172,556
New Jersey 19, 507 -481, 541 19, 297 -481, 751 18, 328 -482, 720
Pennsylvania 115, 647 -644, 173 114, 402 -645, 418 108, 744 -651, 076

Ohio 632, 578 -145, 581 627, 146 -151, 013 595, 038 -183, 121

Indiana 1, 198, 275 +826, 380 1, 189, 510 +817, 615 1, 127, 761 +755, 866

Illinois 1,940,927 +1, 181, 195 1,925,545 +1, 165, 813 1, 826, 655 +1, 066,923
Michigan 179,741 -469,154 179,185 -469,710 168,614 -480,281
Wisconsin 316, 930 +220, 855 512, 744 +2 16, 669 486, 294 +190,219
Minnesota 1, 008, 780 +748, 095 1, 000, 677 +739, 992 949, 372 +68, 687
Iowa 3,128,056 +2,937,400 3,104,030 +2,913, 374 2,943,420 +2,732,764
Maryland 997,634 +691,994 989,650 +684,010 938,376 +632,736
North Dakota 107, 287 +64, 666 106, 132 +63, 511 101,413 +58, 792

South Dakota 452, 837 +405, 689 449, 340 +402, 192 426, 423 +379, 275

Nebraska 643, 725 +541, 941 638, 173 +536, 389 700,000 +598, 216

Kansas 288,422 +129,772 286,695 +128,045 271,249 +112,599
Delaware 6,967 -39, 380 6, 892 -39, 455 6, 109 -40, 238

Maryland 37, 620 -237, 584 37, 215 -237, 989 35, 433 -239, 771

Virginia 140,728 -178, 006 139, 213 -179, 521 131,959 -186, 775
West Virginia 25, 080 -86, 777 24, 810 -87, 047 23, 215 -88, 642
North Carolina 295, 389 -36, 416 293, 587 -38, 218 277, 358 -54, 447

South Carolina 101, 714 -77, 035 100, 619 -78, 130 95, 304 -83, 445

Georgia 305, 142 +18, 065 303, 235 +16, 158 287, 133 +56

Florida 66,880 -537,351 66, 160 -538,071 62,314 -541,917
Kentucky 310,716 +108,780 308,749 +106,813 292,021 +90,085
Tennessee 277, 275 +34, 361 275, 669 +32, 755 261, 474 +18, 560

Alabama 204, 821 -16, 469 203,995 -17, 295 193, 051 -28, 239

Mississippi 114, 254 -24, 648 113, 024 -25, 878 107,522 -31, 380

Arkansas 87, 781 -11, 217 86, 836 -12, 162 83, 085 -15, 913

Louisiana 43, 194 -203, 643 42, 729 -204, 108 40, 321 -206, 516
Oklahoma 108, 681 -42, 368 107, 511 -43, 538 102, 635 -48, 414
Texas 222,935 -565,620 221,913 -566,642 800,000 +11,445
Montana 37, 620 -15, 863 37, 215 -16; 268 65,000 +11,517
Idaho 29, 260 -21, 786 28,945 -22, 101 28, 102 -22,944
Wyoming 6,967 -17, 112 6,892 -17, 187 6,109 -17,970
Colorado 44,587 -112, 704 44, 107 -113, 184 41, 543 -115, 748
New Mexico 9, 753 -74, 048 9, 648 -74, 153 9, 775 -74,026
Arizona 5,573 -146,589 5,513 -146,649 4,887 -147,275
Utah 13, 933 -62, 037 13, 783 -62, 187 13, 440 -62, 530
Nevada 2, 787 -33, 853 2, 757 -33, 883 2, 444 -34, 196

Washington 34, 834 -189, 883 34, 459 -190, 258 32, 990 -191,727
Oregon 41,800 -97,820 150,000 +10, 380 150,000 +10, 380

California 65, 487 -1, 461, 211 64, 782 -1, 461,916 61,092 -1,465,606

Total 13,933,431 00,000,000 13,933,431 00,000,000 13,933,431 00,000,000



Table 18. EQuilibrium minimum transportation flow of dressed pork, 1970 projected situation III (10, 000 lbs.).

\\\To
FRoM\\\i i14: J . Iti I
Sauna

Kansas 516 740 42 1298

GrandIsl.
Nebraska 4808 611 5419

Pierre -

S. Dakota 2054 171 1466 366 4057

Bismarck
N. Dakota 270 218159 647

St. Paul
Minnesota 1629978 4254 620 7481

Madison -

Wisconsin 1780 429 2209

Des Moines
Iowa 3496339 655 247 4692 64727079 364 5030 29374

Jeffu. Cty. -

Missouri 5656 16 112 382 754 6920

Nashville -

Tennessee
34' 3"

Frankfort
Kentucky 1088 1088 -

Spruigfldï - -
Illinois

Indianapolis -

4074 5242 2496

-

11812

Indiana 1456868 1280 4660 8264

Atlanta -

165 16 181
Georgia

Totals 189997814612339218159171620112774014665656424112203 2471654692145686817806442117147079 75853647705374 79094
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seemed to be Iowa in that Iowa had to shift the m.rket for some of

its pork from the South to the far West. As before, Minnesota and

North Dakota were the primary sources of pork for Oregon and

Washington.

Situation IV - OregonSurplus

The 1970 projected consumption was used to test the effects

on the industry of a disproportionate increase in hog production in

Oregon. The purpose of this test was to determine if Oregon would

compete with the Southern çornbelt state for the California market

or with the Northern comb

ton.

The predicted 1970 pork consumpt.on in Oregon was

139, 620, 000 pounds (Table 16). Production was arbitrarily set at

150, 000, 000 pounds. This gave Oregon a surplus of 10, 380, 000

pounds of pork. In order to determine production in other areas

the following procedure was used: first 1961 production in Oregon

of 33, 775, 800 pounds was subtracted from the total United States

production of 11,380, 192,970 pounds; second, the percent that each

state's 1961 production was of the remainder was determined; t1ird,

the 150 million pounds of assumed Oregon production was subtracted

from the total estimated Uniteçl St3tes 1970 production of

13, 933, 431., 000 pounds; finally, the remainder was multiplied times

elt sta.tes for the pork market in Washing-
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the percent figures derived above for each area. This gave the

assumed 1970 production in those areas.

Thus, Situation IV was based on 14 surplus and Z7 deficit

areas. The surplus areas included the 11 original states plus the

two added in Situation Ill and Oregon.

The solution showed that the least cost solution would exist

when Oregon shipped its surplus pork to Washington (Table 19).

This put Oregon hog producers in direct competition witi North

Dakota and Minnesota producers. It resulted in increased North

Dakota movements to Idaho and Montana and a significant increase

in California shipments for Minnesota.

Situation V - Increased Production in Nebraska, Montana and Texas

It is not logical to assume that Oregon might be the only

area to significantly increase production in the future. There are

no artificial barriers to entry in the hog industry. Thus, economic

theory indicates that if there is in fact a profitable potential, all

areas would attempt to obtain part of the profit. Hence, certain

areas were chosen, on the basis of presentfeed grain production,

as deficit areas with the potential of becoming surplus or of surplus

areas with the potenUal of greatly increasing their production. The

actual feed grain production and resulting pork production potential

of the-areas are discussed in the next chapter. On the basis of this



Table 19. Equilibrium minimum transportation cost flow of dressed pork, 1970 proj ected Situation IV (10, 000 lbs.)

\TO
bO

FROM\\ J zIIii
Portland

Oregon 104 - 104

Sauna -
Kansas 374742 164 1280

Grand Isi.
Nebraska 4585 21 758 5364

Pierre
S. Dakota 1761 172622 1467 4022

Bismarck -

N. Dakota 251 221 163 635
St. Paul

Minnesota 1548 5852 7400

Madison
Wisconsin 1795 372 2167

Des Moines
Iowa 2421318 2041259 4697 6869 7083 382 5064 29134

Jeffn. Cty.
Missouri S6271 122 781 6840

Nashville
Tennessee

rankfort
ii 317 328

Kentucky 1068 1068
Springfield

Illinois 3879 4848 2931 11658

Indianapolis -

Indiana. 1510 870 1507 4289 8176

Atlanta
Georgia 162 162

Totals 1903 14619 339 221 163 172 622 1132 742 14675666 435 122 2041 259 173 4697 1510 870 1795 6454 11717 7083 7592 382 781 5381 78338
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analysis, Texas, Montana and Nebraska were deemed as likely

areas for increased production. It was assumed that Nebraska pro-

duction increased to 700 million pounds, Texas to 800 inillion and

Montana to 65 million. Oregon's production remained at 150 million.

The remaining production was divided among the other areas in the

same manner as was used in Situation IV.

Thus, Situation V consisted of 16 surplus and 25 deficit areas.

The minimum cost solution given in Table 20 shows that Texas

shipped its assumed surplus to New Mexico, Montana sent its pork

to Wyoming and or the irst time, Nebraka entered the Northwest

market. In fact, Nebraska took over the Seattle market from

North Dakota and Miñnesot.. These two states were forcedto go

to the more distant market in California. This change put Oregon

in direct competition witI Nebraska. The new pattern shows that

Iowa's share of the California market also declined. Therefore,

in Situation V Iowa began moving more of its pork to the East and

Southeast.

The implications of the entire analysis of this section of

transportation models is thdrt Oregon's important competitive states

in the future will be the Northwest cornbelt states. This is true

whether Oregon farmers are competing for the deficit market in

Oregon or for markets in other states. It is obvious that Oregon

holds a freight rate advantage over these corn belt states. This



T1.1 rni,ilThi'iiin, minimum transportation cost flow of dressed pork, 1970 projected Situation V (10,000 lbs.)
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Portland
Oregon 104

104

Billings
Montana 115

115

Fort Worth
Texas 114 11.4

Sauna
Kansas 500626 1126

Grand Isi.
Nebraska 1813 2607 89 1473

5982

Pierre
S. Dakota 3728 65

3793

Bismarck
N. Dakota 588

588

St. Paul
Minnesota 5920 342 625

6887

Madison
Wisconsin 1868 34 1902

Des Moines
Iowa 816 230 370 2065 314 95 4803 1196 4570 7106 544 5419 27528

Jeffn. Cty.
Missouri 997 570 114 159 - 1831 1822 835 6328

Nashville
Tennessee

186 186

Frankfort
Kentucky

901 901

Springfld.
Illinois

2583 7156 930 10669

Indianapolis
Indiana

887 1831 4841 7559

Atlanta
Georgia 1

1

Totals 1917 14656 342 230 180 625 1159 740 1473 484 159- 2065 314 282 4803 1831 887 1868 6511 117267106 7627 544 835 5419 73782
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amounts to about $2. 25 per hundred pounds for dressed pork and

approximately $1.85 per hundred for live hogs. The basic question

that must be answered then is whether the Midwestern states hold

a cost of production advantage large enough to offset their freight

rate disadvantage,

In order to answer this question, an attempt was made to

compare cost of production in Oregonwith Midwest costs. It was

found that reliable cost information is difficult or in many cases,

impossible to obtain. However, a study by Purdue University (2)

did shed light on this question. Results of the Purdue study were

compared with data derived from the Oregon survey described in

Chapter IV., Asswning the Purdue study is representative of the

Midwest, the analysis indicated that the average capital require-

ments, labor inputs and feed inputs for hog production are slightly

higher in Oregon than in the Midwest. It is important to realize that

average figures may be misleading. That is, for the In4iana study

only nine farmers with less thai ten sows were included. In the

Oregon study about one-third or 35 farmers in the survey had less

than ten sows. These farmers tended to raise the overall aveiage

input requirements in Oregon. This was especially true of labor

and capital. When the larger, more efficient producers in Oregon

were compared with farmers in the Midwest, it was apparent that

physical input requirements of feed, labor and capital were almost
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identi cal.

Although physical requirements are similar, there is a

significant variation in feed costs per unit of feed between areas.

These feed cost differentials vary considerably from year to year.

The average difference and range in differences for two periods

between Portland and certain Midwestern points are givenin

Table Zi. These differentials are expressed in terms of per ton

cost in corn equivalent feeding value for hog prQductior.

From the above, it can be concluded that major cost of

production differentials between the Midwest and Oregon are not

due to inherent physical aspects, but rather can be attributed to

feed costs in the respective areas. Further, these feed cost df-

ferentials vary considerably from year to year and may be greatly

affected by certain governmental programs.

In Table ZZ are given the freight rates per hundredweight

on fresh dressed pork and live hogs from certain Midwest points

to Portland. Also listed are cost of production differentials per

hundredweight arising from the average feed cost difference during

the years 1954-1961.

These figures show that, using the 1954-196 1 average feed

cost differentials (which are lower than the 1946-191 averages),

Oregon cannot compete with any of the Midwestern points if these

areas ship dressed pork to this region. Further, Oregon is unable



Table 21. Feed cost differentials between Portland and four Midwest points, (Per tonin corn
equivalent)

Kansas City Minneapolis Chicago Omaha

Average 1946-1953 10.66 10.84 13. 58 13.47

Average 1954-1961 9.49 10. 18 10.32 10.81

Range 1946-1953 7.32-14.30 3.21-19.69 8. 08-20. 19 8. 08-20. 19

Range 1954-1961 5. 04-13. 05 6.37-13.74 3. 99-17. 65 3. 99-20. 55

Highest three-year average 1949-51 1951-53 950-52 1950-52

Lowest three-year average 1954-56 1946 -48 1954- 56 19 54-56



Table 22. Relationship between freight rates per hundredweight and cost of production differential
arising from feed costs between Portland and selected areas.

Kansas City Minneapolis Chicago Omaha

Freight rate (live) $2. 17 $2. 21 $2. 63 $2. 03

Cost of Production
differential (live) 2. 03 2. 20 2. 25 2. 33

Net Oregon advantage +. 14 +. 01 +. 38 -. 30

Freight rate (dressed) 2.40 2. 31 2. 70 2. 31

Cost of Production
differential (dressed) 3. 56 3. 85 3. 95 4. 09

Net Oregon advantage -1. 16 -1. 54 -1.25 -1.78
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to compete with Nebraska if Nebra.ska ships either live hogs or

dressed meat. Even more important, in only two years (1955 and

1956) during the 17-year period 1945-1961 could Oregon actually

favorably compete with Nebraska.. That is, considering the feed

cost differentials that existed during each year and the present

freight rate structure, Nebraska farmers could put pork into

Portland cheaper than Oregon farmers in 15 of the last 17 years.

The significance of Table 22 is pointed out when the results

of the transportation models are brought to mind. Based on freight

rates, Minnesota and Nebraska were shown to be major competitors

with Oregon. These same two states hold large feed cost advan-

tages over Oregon.

In order to further examine whether Nebraska and

Minnesota producers actually are in direct competition with Oregon

hog producers, a final transportation problem based on both freight

rates and cost of production differentials was analyzed. Because

of the previous discussion, cost of production differentials were

derived only from feed cost differences. The cost differentials

among the actual 1961 surplus areas were based on 1958-196 1 feed

prices in these areas. This data is presented in Table 23. Freight

rates plus the cost of production differentials per hundred pounds

of dressed pork are shown in Appendix Table 4.

The actual 1961 situation of production and consumption was



Table 23. Feed cost differentials among 1961 surplus hog producing states. (Based on corn
equivalent)

State
Feed Cost
Per Ton Differential

Differential
Per Cwt.
of Grain

Average Cost
Difference
Per Cwt. of
Live Hogs

Average Cost
Difference
Per Cwt. of

Dressed Pork

NorthDakota 37.56 1.31 .07 .30 .53
South Dakota 37,56 1.31 .07 .30 . 53
Nebraska 36, 25 0. 00 . 00 . 00 . 00
Kansas 37. 22 0. 97 . 05 . 22 . 39
Missouri 41.82 5. 57 . 28 1. 21 2. 12
Illinois 36.25 0.00 .00 .00 .00
Iowa 37. 39 1. 14 .06 . 26 .46
Minnesota 38.88 2. 63 . 13 . 56 .98
Indiana 39.77 3.52 .18 .78 1.37
Wisconsin 37.56 1.31 .07 .30 .53
Kentucky 38. 32 2.07 . 10 .43 75
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assumed. The solution showed Minnesota filling the Washington

Oregon deficit. The equilibrium flows would give minimum total

production and shipping cost flows. Thus, the results of this prob-

lem further confirmed the indication that the Northwestern corn belt

region, which holds a cost of production advantage over Oregon, is

the area with which Oregon swine producers are in direct competi-

tion. The next chapter will bring out further important implications

concerning the present and future competitive position of Oregon hog

producers.



CHAPTER VI

POLICY IMPLICATIONS

The discussion in Chapter I indicated that feed grain pro-

duction in Oregon has increased considerably during the past dec-

ade, Likewise, during the same period, increasing population has

created a growing market fcrr virtually all commodities, including

pork. This has resulted in a substantial deficit of pork in this area

and appears to represent a large potential market for Oregon pro-

duced pork. Further, the geographical location of Oregon with re-

spect to the large deficit area in California and the surplus states

in the Midwest seems to put Oregon in an advantageous position for

increasing hog production. This surface description of the situation

is enough to make some individuals in Oregon believe that Oregon

producers are in a position to gain significantly by increasing hog

production. These individuals have encouraged farmers to under-

take the investment necessary to carry out increased production.

However, when the implications of the analysis presented

in this thesis up to this point are examined, the validity of this ad-

vice to increase hog production must be questioned. That is, care

must be taken that long run as well as present or short run consider-

ations are taken into account. The results pf the previous chapter
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indicate that if the present feed grain cost relationships continue

into the future, Oregon farmers will be at a cost of production dis-

advantage for some time. Thus, until something i done to change

the cost of production differentials between Oregon and the Midwest,

increased hog production will not represent a sound, long run invest-

ment for most Oregon farmers. It should be recognized, however,

that some farmers may, through superior management or some

other efficiency, be able to offset this disadvantage.

Some work has already been done in an effort to improve

the competitive position of Oregon producers. There have been

suggestions that large amounts of government surplus grain be re-

leased in the Northwest. This would supposedly bring price of feed

grain in Oregon down to a point where Oregon farmers could com-

pete. Another suggestion has been that the government impose a

two price plan for wheat in Oregon that would allow wheat to compete

with feed grain in price. In order to compete with $45 barley,

wheat would have to drop to about $1. 60 per bushel.

In an effort to test how great the change in the hog-

barley price ratio would have to be in order to bring about a signifi-

cant increase in hog production in Oregon, the supply function

derived in Chapter III was used. It was assumed that 1961 produc-

tion was increased by ZO percent orabout 11 million pounds. It

was also assumed that the beef-hog price ratio and the hog-corn price
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ratio remained the same asin 1961. The equation was then solved

in order to determine what hog-barley price ratio wouldbe

necessary to bring about this 20 percent increase in production.

It was found that the hog-barley price ratio would have to increase

to 28. 34. The actual 1961 price ratio was 16. 2. This means that

in order to get farmers to increase hog production bythis amount

either the price of hogs would have to rise considerably or the price

of barley would have to fall. For example, if barley price was as

low as $30 per ton, hogs would have to be priced at $42 per hundred

in order to encourage a 20 percent increase in production. On the

other hand, if the price of hogs was $20 per hundredweight, barley

would have to fall to $14 per ton. As the hog-corn price ratio is

merely a general expression for all feed grains, if the price of

barley did fall to $14, the hog-corn ratio would also tend to increase

and this would call for more production from-Midwest farmers and

would tend to force the price of hogs down.

It is possible that the voting down of the Administration's

1964 wheat program will price wheat low enough to be used for feed

in Oregon. However, it is important to realize that price of wheat

will not fall in Oregon only. Rather, price will be expected to fall in

all regions and will tend to cause a similar drop in feed grain prices.

Hence, it is questionable as to whether this would result in any rela-

tive gain for Oregon producers. Therefore, short of some direct
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government action in favor of Oregon farmers, it appears unlikely

that Oregon farmers can expect an improved situation with respect

to their competitive position in the production of hogs.

Even if the relative position of Oregon farners did improve

and production in Oregon increased, physical limitations will likely

prevent Oregon from becoming an important hog producing state.

For example, it would take over 80 percent of the last four years

average total annual production of corn, oats and barley in Oregon

simply to produce the 1, 002, 020 ZOO-pound market hogs necessary

to make up the present production plus the deficit pork production in

Oregon. Thus, it would take virtually all of the feed grain produc-

tion in order to make Oregon a surplus pork producing state. If

Oregon farmers did increase production by 700, 000 market hogs

through the use of more than 80 percent of the feed grain production,

total production of hogs in Oregon would represent only 4. 4 percent

of the present production in Iowa and only about 20 percent of present

Nebraska production.

In contrast to the rather limited potential production increase

in Oregon, many Midwest states have enormous production potential.

Nebraska, Oregon's major competitor, which now produces the

equivalent of 4,670,000 market hogs could increase its production

to 10, 453, 731 through the use of only one half of its feed grain

production. The surplus created in Nebraska through the use of one



half of its feed grain would fill 92 percent of the 1961 ten and one

half million 200pound deficit in Oregon, Washington and California

Likewise, Texas, which is in an advantageous position for shipping

to Southern California and which presentlyproduces about one and

one half million 200-pound hogs could increase its production to over

ten million by using only one half of its feed grain production. The

consideration of Texas is important because transportation model

Situation V indicated that if Texas does become surplus, Nebraska

would be forced into even more direct competition with Oregon.
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SUMMARY AND CONCLUSIONS

Oregon farm income is consistently lagging behind nonfarm

Oregon income. Farm income as. a percent of nonfarm income hit a

high for the past 30 years of 14. 17 percent in 1945. However in

1961, this percentage dropped to an all time low. Further, since

1950, the decline in relative farm income share has been more rapid

than the relative decline in farm population.

Feed grain production in Oregon has increased considerably

during the past decade. Likewise, during the same period, in-

creasing population has created a growing market for virtually all

commodities, including pork. This has resulted in a substantial

deficit of pork in this area and appears to represent a large

potential market for Oregon produced pork. Further, the geograph-

ical location of Oregon with respect to the large deficit area in

California and the surplus states in the Midwest seems to put Oregon

in an advantageous position for increased hog production. Thus,

increased production of hogs may represent a possibility for

reversing the declining trend in Oregon farm income. The purpose

of this study was to examine the economic feasibility of increasing

hog production in Oregon.

In order to analyze the profitability of increasing hog pro-

duction on a long run basis, it is necessary to make some judgment
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concerning present and future demand for this product. To accom-

plish this, a time series regression function was derived. The

price elasticity of pork derived from the equation was . 57. Cross

elasticity of demand for pork with respect to beef was . 32 and cross

elasticity of pork with respect to chicken was . 26. Income elastic-

ity was -. 01.

The derived United States demand equation was used to pre-

dict pork consumption by states. These predictions were used later

for the transportation model analysis.

In analyzing the economic position of Oregon hog producers,

it is necessary to understand the factors that affect the supply re-

sponse of these producers. As with demand analysis, the principal

approach to supply response was through time series least squares

regression analysis. The equation was used to predict 1962 and

1963 hog production in Oregon. Predicted 1962 production was 59. 0

million pounds. Actual 1962 production was 55. 5 million pounds.

Predicted 1963 production was 57. 0 while preliminary estimates by

the United States Department of Agriculture put Oregon 1963 pro-

duction at 57. 1 million pounds.

Production function analysis was used to determine char-

acteristics of individual plants with respect to returns to certain

factors of production and returns to scale. The important impli.-

cation of this analysis was that there is apparently constant returns
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to scale in the industry. Thus, there will be no real tendency to-

ward larger or smaller sized plants. Further, this means that

existing plants can be duplicated. Hence, it would be possible to

experience an expansion in hog production by increasing the number

of relatively small plants that exist in Oregon today. Also, this

indicates that within the range of plant size included in the survey,

there would be no diseconomies of increasing plant size. Although

per unit profit could not be improved by plant expansion, total profit,

as a result of more units being sold, would increase.

The production pattern of any commodity is determined by

relative rather than absolute costs of production. The transporta-

tion model is a method by which the production and marketing patterns

of a commodity can be analyzed according to the law of comparative

advantage. The primary purpose of using the transportation model

was to determine which states would tend to offer the greatest

degree of competition with Oregon hog producers. Thus, a number

of transportation problems were run under different assumed situ-

ations. The analysis was based on 41 separate regions. It was

found that in 1961 11 regions were surplus and 30 were deficit.

Situation I was designed to determine equilibrium flows under

1961 conditions. It was assumed that all pork was processed in the

producing areas and shipped as dressed pork. The shipment pattern

shows that Minnesota would be the primary supplier of pork to the
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Pacific Northwest. California received pork from five different

Midwest regions. Iowa, the center of the pork industry, shipped

pork in every direction except to the Pacific Northwest, Total

transportation costs for shipping the six billion pounds of pork was

106 million dollars.

Situation II assumed that all hogs needed to supply the deficit

regions in 1961 were shipped live and slaughtered in the consuming

regions. Comparisons of Situations I and II show some significant

changes in the shipment pattern. When live hog rates are used, Iowa

gains considerable advantage in shipping West, In general its gain

to the western markets results in loss of its southeastern shipments.

If hogs are transported live, Minnesota nolonger has the western

advantage it had for dressed meat. Hence, North and South Dakota

filled the Pacific Northwest deficit. Minnesota sent its surplus

directly east to New York.

When total transportation costs from the live hog flows were

compared to dressed pork costs it was found that if all the pork that

was shipped from the surplus areas to the deficit areas in 1961 had

been shipped as dressed pork, total cost would have been 44 million

dollars less than if it were shipped as live hogs. This would be ex

pected to encourage development of slaughter facilities within the

producing areas rather than in the deficit areas.

For Situation ELI population, consumption and production were
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projected to 1970. It was assumed that each state produced the

same relative share that it did in 1961. As a result of slow projected

population growth, Georgia and Tennessee which ere deficit in 1960

became surplus in this situation. A comparison of these flows with

the results from SituationI indicate no basic change in the pattern of

movement.

In- Situation IV the 1970 projected consumption was used to

test the effects on the industry of a disproportionate increase in hog

production in Oregon. The purpose of this test was to determine if

Oregon would compete with theSouthern corn belt states for the

California market or with the Northern corn belt states for the

pork market in Washington. The solution showed that the least cost

solution would exist when Oregon shipped its surplus pork to

Washington. This put Oregon hog producers in direct competition

with North Dakota and Minnesota producers.

It is not logical to assume that Oregon might be the only area

to significantly increase production in the future. Hence, for

Situation.V certain areas. were chosen, on the basis of present feed

grain production, as deficit areas with the potential of becoming

surplus or of surplus areas with the potential of greatly increasing

their production. On the basis of this analysis, Texas, Montana and

Nebraska were deemed as. likely areas for increased production.

The minimum cost solution.shows that Texas shipped its assumed
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surplus to New Mexico, Montana sent its pork to Wyoming and for

the first time, Nebraska entered the Northwest market. In fact,

Nebraska took over the Seattle market from No:rth Dakota and

Minnesota. These two states were forced to go to the more distant

market in California. This change put Oregon in direct competition

with Nebraska. The new pattern showsthat lowas share of the

California market also declined.

The implications of the entire analysis of the section of

transportation models is that Oregont s important competitive states

in the future will be the Northwest corn belt states. The basic

question that must be answered then is whether the Midwestern

states hold a cost of production advantage large enough to offset

their freight rate disadvantage.

In order to answer this question, a comparison of cost of

production in Oregon with Midwest costs was made. It was appar-

ent that physical input requirements of feed, labor and capital were

almost identical. Although physical requirements are similar, there

is a significant variation in feed costs per unit of feed between

areas. A comparison of Oregon's freight rate advantage with its

cost of production disadvantage indicated that Oregon cannot com-

pete with any of the Midwestern points if these areas ship dressed

pork to this region. Nebraska farmers could put pork into Portland

cheapter than Oregon farmers in 15 of the last 17 years.
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In view of this cost of production disadvantage, it was found

that in order to bring about an increase in production of 20 percent

in Oregon, the hog-'barley price ratio would have to increase to

28. 34. The actual 1961 price ratio was 16, 2. This means that to

encourage Oregon farmers to increase hog production by this amount

either the price of hogs would have to rise considerably or the

price of barley would have to fall. For example, if barley price

was as low as $30 per ton, hogs would have to be priced at $42 per

hundred in order to encourage a 20 percent increase in production.

On the other hand, if the price of hogs was $20 per hundredweight,

barley would have to fall to $14 per ton.

If the present feed grain cost relationships continue into

the future, Oregon farmers will likely be at a cost of production

disadvantage for some time. Thus, until something is done to

change the cost of production differentials between Oregon and the

Midwest, increased hog production will not represent a sound, long

run investment for most Oregon farmers,

Even if the relative position of Oregon farmers did improve

and production in Oregon increased, feed production limitations will

likely prevent Oregon from becoming an important hog producing

state.
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Appendix Table 1. Survey data used for production function analysis
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607
701

70
57
72

4,979
5,591
3,017

9.22
15. 89

8.83

1, 470.28
1, 197. 20
1,512.26

703 229 11,625 26. 17 4, 393.59
704 115 15, 410 51.02 2, 284.59
705 349 11,610 22. 77 6, 833.43
707 66 2,276 7.23 1, 386.25
708 296 5, 430 44. 96 5, 795.67
709 20 4,906 1.92 420.08
710 102 3, 629 24. 30 2, 069. 76
711 137 2,469 24. 70 2,618.92
712 41 8,069 8.92 861. 15
716 54 825 12. 21 1, 134. 23
801 90 5, 586 7.32 1, 826.28
804 101 8, 779 27. 69 2,006.47
805 102 6, 194 16.71 2, 026.33
806 91 3,420 6.44 2, 386.27
809 160 8,016 3.50 3, 189. 76
901 96 8,085 12. 33 1,948.02
902 92 3, 315 11. 12 1, 866.84
903 164 9,015 17. 07 3, 269.52
904 146 5,622 16. 63 2, 850.S0
905 199 2, 365 20.08 3, 818.01
906 181 18, 801 10. 18 3, 472.67
907 50 12, 508 8.09 1,027.30
908 104 14,017 14. 69 2,066.06

1001 101 8,260 12. 26 2,049.48
1002 440 30, 750 63. 52 8, 615.20
1003 252 17, 040 32. 33 4,934. 14
1004 82 5, 319 14. 36 1,908.84
1101 64 3,435 11. 33 1,344.27
1103 72 5, 726 14. 22 1,512.26
1106 131 3, 103 22. 46 2,557.91
1202 47 5,016 14.99 1,076.04
1203 63 4, 536 20. 85 1, 358.37
1204 44 1,956 9.60 924. 19
1205 86 3, 599 14. 52 1, 620.62
1206 53 2, 633 13. 50 1,113.24
1207 82 3,918 15. 82 1,663.92
1208 77 2, 545 9.02 1, 562.46
1209 22 906 14. 48 490. 86

o.a 0 - -
0

0 -
zi__ cdo><so'.-

H

101 64 4,231 6.11 1,428.04
102 477 17,035 31.43 10,540.72
103 81 15,996 14.18 1,643.64
202 42 2,431 15.70 882.14
203 79 2,205 14.72 1,737.60
205 83 6,975 6.30 1,691.20
206 110 6,331 11.95 2,289.54
207 337 22,271 29.31 6,863.64
208 162 13,940 12.50 3,163.21
209 118 6,441 19.09 2,716.21
210 135 6,370 20.18 2,607.03
301 81 2,818 11.47 2,158.57
305 180 4,410 28.15 3,382.56
306 78 3,061 12.76 1,702.86
401 82 1, 841 10.62 1, 663.92
402 103 1,636 31.88 2,046.20
404 211 11, 149 20.11 4,541.38
405 43 7,263 3.92 903.20
406 205 1, 128 10 58 4, 130. 27
407 43 2,079 18.23 1,085.46
501 61 3,360 8.45 1,315.27
502 62 - 1,359 5.82 1,360.61
503 83 8,220 20.37 1,613.50
504 67 8,360 8.60 1,470.37
505 259 7,434 27.13 4,969.17
506 754 53, 187 57.87 14,466.24
507 54 3,022 13.47 1,138.98
508 42 1,865 5.28 961.51
510 72 21,276 13.74 1,512.26
511 298 18,085 67,06 5,692.86
512 72 4,324 8.71 1,700.76
515 113 3,493 22.86 2,196.70
516 231 14, 364 6.75 4,431.97
517 197 10,687 22.42 3,857.24
518 170 7,333 14.57 3,319.42
519 194 3,389 21.01 3,638.63
601 40 822 5.06 840.16
602 126 13,499 28.15 2,460.28
603 38 3,953 9.97 966,58
604 97 13,988 17.92 1,927.00
605 142 6,992 13.84 2,714.50



Appendix Table 2. Freight rates per for live hogs between given cities.
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Appendix Table 3. Freight rates per . for fresh meat between given cities.

FROM

TO

Seattle
Portland
Billings
Casper
Fort Worth
Oklahoma City
Sauna
Grand Isi.
Pierre
Bism arcic

St. Paul
Madison
Des Moines
Jefferson City
Nashville
Franlcfort
Springfield
Indianapolis
Atlanta

0
(a
CS

U
CS

0
CS

162 X
249 249
250 236
258 147
224 198
224 198
224 136
227 155
258 196
258 246
231 230
248249
237 216
248 231

X X

X X

X X

X X

X X
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o-00
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I Cd I
x
x
x
x

X X X x x xxx xxx x x x x
294 294 X x x xxx xxx x x x x
324 240 X x x xxx xxx x x x x
257 231 X x x xxx xxx x x x x
197 211 X 113 155 140 116 146 X X 264 309 X X x
189 211 92 X 53 107 136 160 X X 222 214 X X x
197 224 167 125 162 170169177 X X X X X X x
227 227 212 170 212 160153162 X X X X X X x
267 231 267 246 X xxx xxx x xx x
267 240 267 266 X xxx xxx x xx x

X X X xx X X X 185 196 217 186 186 191 253
X X X xx X 124 128 139 148 166 131 134 144 155

237 237 187 160 174 141 123 131 150 161 182 176 179 180 179
266 258 165 152 160 231 158 171 X 155 205 201 X X x
X X 175 172 136 161 90 78 X X 158 165 X X x
X X 197 185 158 185 164 133 140 126 147 154 154 179 193
X X 180 163 146 187 160 168 138 147 174 203 143 148 160
X X 195 177 158 151 167 160 124 82 107 170 117 124 206
X X 188 190 153 156 90 60 X X 130 154 X X x

X 175 145 167 299 249
52 160 131 236 212 249

212 240 240 236 X 176
209 249 209 308 124 X

X 224 224 xxx
X 224 224 X X 250

240 224 224 216 194 204
231 227 227 202 182 174
218 231 231 202 159 170
218 240 240 196 144 223
231 246 246 245 187 242

X X 255 261 216 266
240 237 237 240 207 227

X 267 267 x x xxxx x x xx xx x x xxxx x x xxxx x x xxxx x x x

xxx xxxx x
186 X X x
134 115 X x
179 140 149 148

197 200 130 193
175 116 99 99
158 153 147 165
143 185 181 242
117 165 163 155
X 90 69 125

x 294
x 278
x 194

x 331

183 166
188 181

191 183
322 308




