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STRUCTURAL CHANGES IN THE
NORTH DAKOTA DAIRY INDUSTRY

Jerome W. Hammond and Rex W. Cox

North Dakota’s dairy industry
has experienced rapid and signifi-
cant changes in recent years. Farm
separated cream as a proportion of
total milk marketings has dropped
very substantially. Cream stations,
which numbered well over 1,000 at
one time, are now down to slightly
over 200. The total number of
dairy processing plants and firms
declined from 111 in 1940 to 88
in 1962. Butter centralizers are
doing one of two things, changing
their methods of assembly or ceas-
ing operations.

A dozen cheese plants have start-
ed operations since 1960. Prior to
that time no cheese production was
recorded in North Dakota. Total
production of natural cheese, cot-
tage cheese and frozen products
has shown large growth. Produc-
tion per plant for each of these
products has increased.

These developments have signifi-
cant implications for the type of
competitive behavior and perform-
ance of the industry. Also, they
may indicate future adjustments in
the industry. This study is design-
ed to investigate these develop-
ments and to make some projec-
tions for the kind of dairy industry
which may be expected in the
future.

Jerome W. Hammond, formerly assistant
professor, and Rex W. Cox, professor of
Agricultural Economics.

The authors are indebted to managers of
North Dakota dairy plants who cooperated in
providing data used in this study.

Nature of the Study

The foregoing attributes of an
industry are often studied under
the method referred to as indus-
trial organization. The student of
industrial organization considers
them because of the asserted casual
relationships which exist between
industry structure, market conduct
and market performance. The caus-
al relationship is asserted to run
from structure to conduct to per-
formance, although there may be
feedbacks which will be noted.

The findings and conclusions of
market structure analysis are most
useful with respect to broad indus-
try problems. For industry person-
nel, such analysis might determine
what programs the industry should
undertake to alter competitive con-
ditions or eliminate general prob-
lems. The information is useful to
legislative groups in deciding on
programs to facilitate needed struc-
tural change in the industry. Regu-
latory agencies find the data use-
ful in defining market areas and in
deciding what important competi-
tive abuses might need controls.

Although primarily policy orient-
ed, the findings and conclusions of
market structure analysis are not
limited to this area. Management of
the individual firms may find the
results of significant value. They
may be of use in long-run planning.
For example, management may de-
cide on the basis of current changes



in structure of the dairy processing
industry that a plant of a size and
type which will maximize long-run
returns of the firm is needed rather
than a plant which will maximize
short-run returns.

This study was undertaken to
point out some of the major organi-
zational changes that the industry
is undergoing and is likely to face.
Another purpose was to determine
what a continuation of these
changes means for the industry
and for the economy of the state.

The specific objectives of this
study are:

1. To describe briefly the histori-
cal development of the dairy
industry in this state.

2. To measure some of the re-
cent changes in the industry
structure.

3. To determine some of the ma-
jor causes for these struc-
tural changes.

. To make some projections as
to future characteristics of the
state’s industry.

HISTORICAL

The development of the North
Dakota dairy industry has been
well documented.! This section is a
brief review of the historical de-
velopment which can be divided in-
to three periods. The first was the
period of farm produced butter and
the marketing of excess butter

1Benton, Alva H., Marketing Dairy Products,
Bulletin 182, Agricultural Experiment Station,
North Dakota Agricultural College, Fargo,
North Dakota, October, 1924; Anderson, Harry
G., and Alva H. Benton, Cooperative Market-
ing of Dairy Products, Bulletin 238, Agri-
cultural Experiment Station, North Dakota
Agricultural College, Fargo, North Dakota,
September, 1930; and Fourt, L. A.,, and G.
A, Kristjanson, North Dakota’s Dairy Market-
ing Problems in Historical Perspective, Bul-
letin 393, Agricultural Experiment Station,
North Dakota Agricultural College, Fargo,
North Dakota, June, 1954.

Sources of Data

North Dakota Crop and Livestock
Reporting Service, Fargo, North
Dakota, provided much of the sta-
tistical data for this study. Some
were from its periodic reports and
publications. Other data were ob-
tained through special efforts of
the Reporting Service.

Data on number of dairy plants,
plant production and changes in
plant numbers were provided by
the Office of the State Dairy Com-
missioner.

The field survey method was
used to obtain data on the individ-
ual firms. Managers or owners of
10 cheese firms in operation in the
summer of 1963 were interviewed,
and a questionnaire was completed
on each. A random sample of cream
stations licensed for cream receiv-
ing in 1963 was selected for study.
Managers or cream testers for 33
of these stations were interviewed.
Discussions with many other indus-
try personnel provided much infor-
mation on the dairy industry in the
state.

PERSPECTIVE

=

through the local store.

The second period -extending
from about 1910 to 1950 was char-
acterized by a shift from farm
produced to creamery butter; the
development of cream stations,
creameries and butter centralizers.
The shift received impetus from
the introduction of the cream sep-
arator.

The low density of milk produc-
tion in North Dakota was undoubt-
edly one of the main causal factors
for the type of dairy industry that
developed during the second



period. It meant that creameries
with only local assembly were not
able to assemble volumes of cream
sufficient for economic operations.
The result was the large centralizer
creamery which assembled cream
through cream stations. Some of
the latter were independent, but
many were owned by Swift, Fair-
mont, Beatrice, or Armour.

The type of dairy industry that
developed in North Dakota can be
contrasted with that which devel-
oped in Minnesota. The centralizer
did not gain such a dominant posi-
tion in the industry as in North
Dakota. Milk production in that
state at the beginning of the period
was sufficient within a five to six
mile radius to support a creamery.
The development of the motor car
and truck enabled creameries to
serve areas with a radius of 15 to
20 miles. This led to a downtrend
in creamery numbers as early as
1920.2 This downtrend still con-
tinues.

The development of the motor
truck and car did not cause a de-
crease in creamery numbers in
North Dakota. On the contrary, it
expanded assembly areas for a
creamery to the extent that more
local creameries were able to
operate where only centralizer
cream stations could operate previ-
ously. Thus, the number of North
Dakota creameries continued to
increase until the late 1940’s
(Table 1).

According to the state’s Dairy
Commissioner Report, the number
of creameries reached a high of
111 in 1948 and 1950. Centralizers
had begun to decrease in impor-
tance in terms of number at a much
earlier date. There were 27 in 1934,

2Fourt, L. A.,
cit., pp. 10-15.

and G. A. Kristjanson, op.

and their number, which has been
decreasing since that time, drop-
ped to 8 in 1963.

Table 1. Number of Cream Stations and
Creameries in North Dakota, 1934-1963*.

Co- Cen-

Inde- opera- tral-
pendent ative izer Total
Cream cream- cream- cream- cream-

Date stations eries eries eries eries

1934 — 50 23 27 100
1936 o 57 26 23 106
1938 1,025 59 26 23 108

1940 989 66 26 19 111

1942 865 66 27 16 109
1944 802 60 31 14 105
1946 650 57 30 14 101

1948 642 65 32 14 111
1950 596 65 32 14 111
1952 478 63 30 14 107
1954 393 58 30 12 100

1956 374 58 30 12 100
1958 306 59 32 12 103
1960 — — — —_— —_—
1961 — e — — —
1962 234 55 22 8 85
1963 227 67 25 8 100

* All dairy processing plants in North Da-
kota are reported as creameries by the Dairy
Division whether butter or another product is
manufactured. Several cheese factories are
included with the creameries. Most of the
plants included make some butter although
another product may be considered primary.

Although local creamery num-
bers increased in the state until
after World War II, many cream-
eries were at a disadvantage com-
pared with the centralizer in the
marketing of butter. Some attempt-
ed to overcome this difficulty by
joining cooperative marketing or-
ganizations such as Land O’ Lakes.
Others sold directly to the cen-
tralizers. In fact, this increase in
direct sales to centralizers has been
proposed as the reason for the de-
cline in the ratio of centralizer out-
put to total output and the increase
in the number of local creameries.?
Apparently, the superior bargain-
ing position of the centralizer en-
abled it to purchase hutter from
local creameries at a price equal

7 Vatter, Harold G., Small Enterprise and

Ohgopoly, Oregon State College, Oregon State
College Press, Corvallis, 1955, p.




to or lower than its own costs of
production.

The establishment of multi-pro-
duct dairy plants occurred during
the second period. It was found that
production of byproducts from
whole milk, in addition to the but-
ter, could substantially increase re-
turns from milk.* Multi-product
plants were quickly developed in
the high milk producing states of
Minnesota and Wisconsin. The na-
tional dairy concerns in the 30’s
had made the shift to other pro-
ducts because of the decreased
earnings from butter. This was an-
other factor which contributed to
the decreasing importance of the
centralizer beginning in the 30’s.
The companies themselves were de-
emphasizing butter production,
buying butter from local cream-
eries, and concentrating on higher
value products.

The second period may be sum-
marized thusly: The industry oper-
ated on the edge of the intensive
manufacturing milk and fluid milk
areas. The centralizers decreased
in importance as handlers of but-
ter and concentrated in the area of
whole milk processing. The local
creameries assumed a more import-
ant role in butter making in North
Dakota in contrast to their dis-
appearing role in other states.

The third period (approximately
1950 to the present) in the develop-
ment of the North Dakota dairy in-
dustry has been characterized by
the exit of many dairy plants, par-
ticularly those processing butter;
the decline in number of cream
stations, and the increase in whole
milk processing plants. An analy-
sis of some of the more important
aspects of the third period is the
main topic of this study.

MILK PRODUCTION AND UTILIZATION IN NORTH DAKOTA

Characteristics of Farm Production

The characteristics of milk pro-
duction and utilization in North Da-
kota are useful in explaining cer-
tain characteristics of the process-
ing industry. Total milk produc-
tion has decreased since the early
1940’s (Appendix II, table 1). It
reached a high of 2.3 billion pounds
of milk in 1942 and decreased to
about 1.7 billion pounds in 1950.
Total production remained near 1.7
billion pounds from 1950 through
1962. National milk production in-
creased from 109 billion pounds in
1940 to 126 billion pounds in 1962,
a change of 20 per cent. North Da-
kota milk production has not kept
pace with production throughout
the nation.

Total quantity of milk marketed
has remained relatively stable. It

4 Ibid. p. 30.

reached a high of 1.8 billion pounds
of milk equivalent in 1942, but re-
mained generally at the 1.4 to 1.6
billion pound level throughout the
40’s and 50’s.

The number of milk cows de-
creased from 484,000 in 1940 to
289,000 in 1959, a drop of 40 per
cent (Appendix II, table 2). Total
milk production, however, de-
creased only 10 per cent because
of increased milk production per
cow. Annual production per cow
averaged 4,300 pounds in 1940,
and 6,580 pounds in 1962. During
World War II milk production per
cow decreased some, but this was
likely the result of high milk prices
and subsidies which brought a
large number of nondairy type
cows into milk production.

The total number of farms re-
porting milk cows has decreased



(Appendix II, table 3). In 1940, 84
per cent of all farms in the state
reported dairy cows compared with
only 55 per cent in 1959. Average
milk production per reporting farm
increased from 33,513 pounds an-
nually in 1940 to 57,639 pounds in
1959. These changes are similar to
the developments in most other
states.

As late as 1955 more than 90 per
cent of all milk marketed by farm-
ers in North Dakota was in the
form of farm separated cream (Ap-
pendix II, table 4). The preliminary
estimate for 1963 is 67 per cent.

Characteristics of Milk Processing

Production of specified dairy
products is listed in Appendix II,
table 10. Butter is the most import-
ant dairy product manufactured in
the state; however, it has decreased
in importance. In 1962 butter pro-
duction dropped although total milk
production and total milk sold in-
creased over previous years. It ap-
pears that cheese plants which
started producing in the state ex-
panded at the expense of cream-
eries.

The increase in ice cream pro-
duction has been similar to that
observed throughout the nation. In
1940 North Dakota ice cream pro-
duction was 1,086,000 gallons an-
nually. Production more than doub-
led by 1962, amounting to 2,622,000
gallons; however, this upward trend
has not been steady. Ice cream
production reached a peak of
3,079,000 gallons in 1946, fell to
about 2,000,000 gallons in 1950,
and rose to more than 2,600,000
gallons in 1961 and 1962.

Cottage cheese production, both
curd and cream, has expanded sub-

9

stantially since 1940.5 Production
of cottage cheese curd and creamed
cottage cheese in 1962 was about
five and six times, respectively,
that in 1946 (Appendix II, table 5).
This expanded production was in
response to increased demand re-
sulting from both increased popu-
lation and increased per capita con-
sumption of cottage cheese from
2.5 pounds in 1946 to 4.6 pounds
in 1962.% During the same period
natural production of cottage
cheese curd increased about two
and one half times, and creamed
cottage cheese, about three and one
half times. It is evident that North
Dakota firms have more than main-
tained their share of an expanding
cottage cheese market.

American cheese production has
made the largest gains in produc-
tion in recent years. Prior to 1960
there was no reported American
cheese production in North Dakota.
The first cheese plant was built in
1959. Since then 12 cheese plants
have begun operations. Of this
number, 10 were dairy firms new
to the industry. Two had heen in
the production of butter and other
dairy products prior to their be-
ginning of cheese production. Four
cheese plants produced 813,000
pounds of cheese in 1960. Ten
plants produced 10,437,000 pounds
in 1962.

Innovation and
Technological Environment

Although market performance is
determined by market structure
and conduct, there may be certain
limitations to the relations which

sCurd and creamed cottage cheese pro-
duction cannot be added together to get
total production because some curd may be
creamed in the same - plant, while some is
sold to another plant which does the cream-

ing.

6., S. Department of Agriculture, “Dai
Statistics Through 19607 and Supplement,
op. cit.,, p. 380.



might be expected. These limita-
tions are considered as industry en-
vironment.” They are classified as
physical, technological and institu-
tional environment. In market
studies where these environmental
characteristics remain unchanged,
only limited consideration of them
is necessary. For example, physical
environment involves a considera-
tion of the geographical character-
istics of a market area such as ter-
rain and resources (natural and
human). These characteristics are
relatively constant for most indus-
try or market studies.

Technological environment is
not static. On the contrary, it is
one of the more dynamic aspects of
the economy. Thus, a change in
this aspect of environment may be
a very important factor affecting
change in market structure and be-
havior and ultimately in industry
performance. Described in this sec-
tion are some of the major techno-
logical changes or innovations in
dairy processing and marketing. No
doubt, some of these changes can
be related to changes in the struc-
ture of the North Dakota industry.

The adoption of the paper car-
ton for fluid milk products was
one of the most significant develop-
ments during the 1950’s. It was de-
veloped prior to the 50’s, but a
large part of its introduction into
the industry occurred during the
50’s.

One of the significant results of
the paper milk carton has been its
role in expanding fluid milk dis-
tribution areas for fluid milk
plants. One investigation concluded
that the main overall effects of the
innovation are increased competi-

7Bain, J. S., Industrial Organization, John
Wiley and Sons, Incorporated, New York, New
York, 1959, pp. 24-84.

tion geographically during a period
of decreasing number of firms and
centralization of the bottling and

_distribution function® Another
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study arrived at the same conclu-
sion.? It stated that paper contain-
ers have increased overlapping of
fluid milk markets.

Separate and distinct milk mar-
kets which once existed for bottled
milk in many areas are the excep-
tion. In 1950, three plants, Dutch
Maid, Knerr Dairy and Cass-Clay
Cooperative confined their distribu-
tion to the Fargo, North Dakota,
market only. Since that time Dutch
Maid was purchased by the Fergus
Dairy in Fergus Falls, Minnesota.
Milk is now packaged at Fergus
Falls for distribution to Fargo-
Moorhead and other locations.
Land O’ Lakes purchased Knerr
Dairy and packages milk at Grand
Forks, Crookston and Thief River
Falls. These plants not only serve
the local territory but also Devils
Lake and several other North Da-
kota markets.

The paper package for milk has
been a major factor altering the
structure of the market. It has
broken down the local nature of
milk production. It has decreased
the need for large numbers of bot-
tling operations and, thus, enabled
firms to attain significant econom-
ies in the packaging of milk. Mer-
ger and exit of firms are methods
by which these changes are brought
about.

Bulk gathering of milk is an in-
novation which has affected milk

s Cook, Hugh L., Paper Packaged Milk in
Wisconsin, Its Part in Expanding Distribution
Areas, Research Bulletin 179, Univresity of
letéonsm Madison, Wlsconsm, June, 1953,
p.

9 Quter Market Distribution of Milk in Paper
Containers in the North Central Region. North
Central Regional Publication No. 39, Purdue
University, Agricultural Experiment Station,
Lafayette, Indiana, October, 1953.




assembly patterns as the paper
carton has affected milk distribu-
tion. It has allowed processing
plants to expand assembly areas.
Thus, a decrease in dairy plants
has not always meant a decrease in
competition for milk supplies.

Talks with industry personnel in-
dicate that bulk milk assembly has
had an impact on the organization
of North Dakota processing. One
of the major limitations on plant
size is milk supplies. Anything that
can extend the radius of the area
which a dairy plant can reach will
enlarge plant size if in-plant econ-
omies of scale exist.

Bulk tank assembly of milk made
large gains in the intensive dairy
producing areas in the early 50’s.
In the past five to six years it also
has made significant gains in North
Dakota. Whole milk receivers have
expressed their desire to switch

completely to bulk milk assembly.

Changing techniques of in-plant
processing have been a factor stim-
ulating structural and behavioral
change in the industry. Among
them are in-place cleaning of equip-
ment, continuous process ice cream
making, improved butter manufac-
turing equipment, stainless steel
equipment, etc. The development
and availability of this equipment
have stimulated change in two dif-
ferent ways: (1) Much of it is very
high cost and can be installed only
at plants with very large volumes
of product so that the fixed cost
can be spread over more units.
Thus, it can be said that new tech-
niques are output increasing. (2)
Some of this equipment is re-
quired for meeting quality require-
ments for dairy products. Those
plants not intending to adopt the
new equipment are eventually
forced from the industry.

STRUCTURAL CHANGE IN THE NORTH DAKOTA DAIRY INDUSTRY

Changes in Number of Dairy Plants

The total number of dairy pro-
cessing plants in North Dakota has
not decreased as significantly as in
other states or in the nation. For
example, census reports show that
the number of creameries in the
United States has dropped from
1,482 in 1947 to 997 in 1958, a 33-
per cent decrease.’” In Wisconsin,
licensed butter factories dropped
from 350 to 194 during the same
period, a 45-per cent decrease.l!
The number of North Dakota dairy
processing plants changed from 105

101, S. Government, Concentration Ration
in Manufacturing Industry, 1958, report by
Bureau of the Census for Subcommittee on
Antitrust and Monopoly of the Committee on
the Judiciary, U. S. Senate, Part I, Wash-
ington, 1962, p. 10.

11 Hammond, J. W., Financial and Market
Causes for Margin in the Wisconsin Dairy
Industry, Ph.D. thesis, Department of Agricul-
turgl E&:onomics, University of Wisconsin,
1963, p. 4.

11

to 90 from 1944 to 1958, a decrease
of only 14.3 per cent.

Changes for the various types of
plants within the total were more
significant than the aggregate fig-
ures represent. The number of cen-
tralizer creameries in North Dakota
decreased from 14 in 1948 to 8 in
1958 (table 1). These figures are
not indicative of their real decrease
in importance; Bridgeman Cream-
eries in Grand Forks and Minot and
Foremost in Mandan are listed as
centralizer creameries when, in
fact, they are multi-product firms
with more emphasis on fluid milk
and ice cream business than butter
manufacture,

Several reasons have accounted
for the decrease in centralizer
creamery numbers: (1) The in-



Table 2.
Number of Firms, North Dakota, 1940-1962,

Proportion of the Production of Various Dairy Products Manufactured by Specified

BUTTER

Proportion of tota}
production produced

AMERICAN CHEESE

Proportion of total
production produced

No. by the largest: No, by the largest:
Year of 4 8 20 All of 4 8 20 All

Firms Firms Firms Firms Firms Firms Firms Firms Firms Firms

per cent per cent
1940 105 31.0 44.4 65.3 100.0 1 100.0
1945 103 29.1 42.6 63.1 100.0 2 100.0
1950 104 28.6 43.7 64.0 100.0 1 100.0
1955 95 30.8 43.7 57.5 100.0 None
1960 82 42.8 54.6 68.0 100.0 4 100.0
1962 ik 43.9 53.2 68.9 100.0 10 63.1 97.9 100.0
ALL COTTAGE CHEESE DRIED BUTTERMILK
1940 13 68.8 92.9 100.0 10 63.3 94.2 100.0
1945 7 94.7 100.0 15 55.8 81.2 100.0
1950 6 93.2 100.0 15 60.2 83.3 100.0 -
1955 9 94.5 99.9 100.0 14 58.3 87.1 100.0
1960 10 94.6 99.7 100.0 13 70.2 88.6 100.0
1962 9 93.2 99.6 100.0 14 73.7 88.8 100.0
ICE CREAM SHERBET
1940 40 42.5 64.2 90.3 100.0 33 53.6 77.9 95.6 100.0
1945 45 45.7 71.5 94.7 100.0 15 73.0 92.9 100.0
1950 33 48.8 75.1 96.2 100.0 8 73.5 100.0
1955 27 55.8 77.1 98.0 100.0 16 66.5 94.0 100.0
1960 20 64.3 87.1 100.0 12 89.2 98.1 100.0
1962 15 72.3 90.7 100.0 12 81.1 96.6 100.0
ICE MILK WATER ICES

1940 None None
1945 1 100.0 None
1950 2 100.0 3 100.0
1955 8 75.9 100.0 3 100.0
1960 18 60.0 91.4 100.0 3 100.0
1962 15 82.4 96.1 100.0 3 100.0
Source: Data compiled from reports of the North Dakota Crop and Livestock Reporting

Service, Fargo, North Dakota.

crease in whole milk sales by farm-
ers and the rise in the relative im-
portance of local creameries caused
centralizer volume to drop to levels
below those needed for efficient
operation. (2) The large dairy com-
panies needed more butter than
their centralizers were producing.
To avoid more competition for but-
terfat with creameries from which
they purchased butter, these com-
panies closed their centralizers. (3)
The national dairy firms which
operated centralizers shifted to the
type of dairy processing and mer-
chandising which had greater pro-
fit potential. Butter is a low profit
item compared with fluid milk and
frozen desserts. The national con-
cerns began diversification into
other lines in the late 1920’s and
during the 30’s, and the importance

12

of butter in contributing to their
earnings decreased.’? When a cen-
tralizer plant became obsolete, in-
stead of replacement it was often
closed. Armour and Fairmont, for
example, closed their North Da-
kota centralizers within the last
decade.

Cream stations have shown the
greatest decrease in numbers
(table 1). It was stated earlier that
there were 1,235 cream stations in
North Dakota at one time. Eleven
hundred of them had been estab-
lished and equipped by centralizers.
Armour Creameries at one time re-
ceived cream from more than 300

_ 2Nicholls, W. H., Post-War Developments
in the Marketing of Butter, Research Bulletin

250, Agricultural Experiment Station, Iowa
State College, Ames, Iowa, February, 1959,
pp. 345-355.



cream stations. At present Armour
has no dairy operations in the state.
It is not difficult to understand why
many cream stations have ceased
operation. Although they may pro-
vide a service desired by some
farmers and butter manufacturers,
many dairy farmers no longer need
the services of the cream stations.

Concentration in Processing

Changes in the concentration or
control of processing by a specified
number of firms also should be
considered in analyzing trends in
market structure. The identifica-
tion of these changes is provided by
the concentration ratios presented
in table 2. These ratios represent
the proportion of the total output
produced by a specified number of
firms. In addition, this table lists
the number of plants actually pro-
ducing the products. Because of the
multi-product characteristic of
many dairies, the figures do not in-
dicate the number of dairy firms in
the state.

The data in table 2 are useful in
three respects. They are descriptive
of the industry. They indicate
changes in the structure of the in-
dustry and the kinds of competitive
behavior which may be expected.
All three will be considered in the
following discussion.

Five of the products listed in
table 2 show increasing concentra-
tion for the period 1940-1962. Con-
centration in butter production has
increased. For example, eight firms
accounted for 53 per cent of North
Dakota’s output of butter in 1962
compared with 44 per cent in 1940.
Butter is sold in a national market;
thus, increased concentration with-
in North Dakota has no significant
effect regarding competitive power
in selling markets. Because butter
production has remained relatively
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constant for the period involved,
the ratios do mean that some firms
and some plants have increased
size for greater efficiency.

Cottage cheese production in the
state shows high concentration, and
the only significant change occur-
red between 1940 and 1945. The
relevant market for cottage cheese
is, however, more restricted than
the boundaries of the state. There-
fore, increasing concentration may
have very important competitive ef-
fects on the relevant market. For
example, the Minot area can be
considered a market for cottage
cheese. One dairy plant produces
cottage cheese in Minot. Two out-
side firms distribute or sell to dis-
tributors in the city. The number is
so small that prices are not likely
to be determined in a purely com-
petitive manner. Entry or exit of
a single firm can change the com-
petitive relations among sellers.

Not only have a few firms con-
trolled production of cottage cheese
in North Dakota, but also it ap-
pears they have managed to fore-
close any potential competition
which may have entered because of
an expanding cottage cheese mar-
ket. A dominant position held by a
firm or firms in a market is con-
ducive to maintaining that position
even when demand increases rapid-
ly.

Concentration of ice cream pro-
duction has increased steadily since
1940. The largest four firms control-
led about 42 per cent of total pro-
duction in 1940 and 72 per cent in
1962. Here also the market has en-
larged. Total production increased
two and one half times since 1940
(Appendix II, table 5). Fifteen firms
produced ice cream in 1962 com-
pared with 40 in 1940. Not only
are fewer firms controlling produc-
tion, but some firms are controlling



a much larger total market in
terms of volume.

Concentration in the relevant
market for ice cream likely is great-
er than ratios indicate. The. in-
creasing ratios for the state indi-
cate that concentration in those
relevant markets has been increas-
ing. The markets for ice cream are
local although they may overlap
to some extent. Fairmont, for ex-
ample, produces ice cream in Moor-
head, Minnesota. Its distribution
area for ice cream from this plant
is Minnesota, North Dakota and
parts of South Dakota. Bridgman’s
plant at Minot produces for the
Minot and Williston areas.

Concentration ratios for the pro-
duction of American cheese indi-
cate little about the structure of
the industry. This is a developing
industry in the state. Only four
firms were producing cheese in
1960. The number in 1963 was 11.
The change in ratio from 100 in
1960 to 63.1 for the largest four
firms merely represents the growth
of the industry.

Like much of new manufacturing
in the past, three periods of de-
velopment in the cheese industry
might be expected. The first is
characterized by the establishment
of new firms with their manufac-
turing operations located through-
out the area. The second is one of
retrenchment of established firms
and a weeding out of the inefficient
and weak firms. This may be done
by a process of exit of facilities and
personnel of some firms or by a
process of merger and consolida-
tion. The third period is that of a
mature industry in which exit and
entry may be occurring in response
to factors such as new techniques,
expanded demands, etc. The de-
velopment of the cheese industry in
North Dakota is in the first phase.

At least the purchase of milk and
manufacture of cheese fit this
phase. It is likely that additional
cheese manufacturing firms will be-
gin business in the state, and some
probably will not succeed. Others
may consolidate and merge opera-
tions.

Concentration ratios for dried
buttermilk, sherbet and water ices
are very high. The milk drying in-
dustry in North Dakota, however,
is very small. Although a few firms
produce all the powder produced in
the state, their output is relatively
unimportant in terms of the na-
tional market in which they sell.
High concentration in the produc-
tion of sherbet and water ices is
difficult to evaluate. These are us-
ually produced in conjunction and
with the same equipment as ice
cream. They are such close sub-
stitutes that in considering con-
centration they should be included
with ice cream in a frozen desserts
category.

Concentration ratios for ice milk
also are difficult to evaluate. Total
production was zero in 1940, and
only two firms reported production
in 1950. Production in 1962 was
more than three times that in 1951.
The four largest firms accounted
for a large proportion of the in-
crease. Also the four largest pro-
ducers increased their percentage
of total production from 60 per
cent in 1960 to 82 per cent in
1962. At the same time three firms
ceased producing ice milk.

The concentration ratios imply
several things about the behavior
and the resultant industry perform-
ance of North Dakota dairy firms.
The ratios for cheese and dried
buttermilk are quite high. Con-
sidering that these firms sell these
products in national markets and
their output is small relative to the
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national market, it is to be expect-
ed that they would not be a domin-
ant force in determining market
price. High and increasing concen-
tration for ice cream and cottage
cheese implies that the firms are
able to set prices higher than pure-
ly competitive conditions would
warrant.

Entry of Cheese Factories

Exit and entry of dairy firms
have been the main features in the
changing structure of North Dako-
ta’s dairy industry since 1960. Ten
firms began manufacturing cheese
from 1960 to the summer of 1963.
Approximately 100 cream stations
went out of business during the
same period. More than 50 of these
ceased operations bhetween May,
1963, and May, 1964.

The amount of entry and exit
which is observed in an industry
is determined by the conditions of
entry and exit. The condition of en-
try is defined as the extent to
which existing firms in the industry
can raise price above the minimum
average cost of production without
attracting new entry.’® In an analo-
gous manner the condition of exit
is defined as the amount by which
price can fall below mirimum aver-
age costs of production without
causing exit.’* Both of these defini-
tions are subject to the restriction
that new entry or exit be that of
both productive capacity and a
control or management unit. There-
fore, when Foremost purchased the
Bridgeman-Russell operations in
North Dakota, no entry occurred,
nor was there an exit according to
the textbook definition. For pur-

1 Bain, J.
Harvard University Press,
sachusetts, 1956, n. 5.

14 Clodius, R. L., “Operational Criteria for
Public Programs Affecting Firm Entry and
Exit,” Market Structure Research, edited by

Paul L. Farris, Iowa State University Press,
Ames, Iowa, 1964, pp. 54-67.

S., Barriers to New Competition,
Cambridge, Mas-
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poses of this study, departures from
this rigid definition will be made.
Any new firm or an old dairy firm
that begins making cheese or a
cheese firm in another state that
expands by opening a new plant in
North Dakota will be considered
entry into this state’s cheese in-
dustry.

There are several reasons for the
economic importance of the condi-
tions of entry and exit: (1) they in-
dicate the ease by which the indus-
try can make adjustments when
new capacity is warranted, (2) they
indicate the ease of adjustments
when exit may be required be-
cause of the development of excess
capacity and (3) they may explain
the economic behavior of the firms
in the market.

The cheese industry in North Da-
kota provides useful insights into
the problems of entry. The industry
is expanding in North Dakota by
new entry at the same time the in-
dustry in other parts of the nation
is experiencing exit. These develop-
ments seem to warrant the con-
clusion that barriers to entry in
this state are low. Barriers hypo-
thesized as important to the po-
tential entrant in the cheese indus-
try are (1) size requirements to
achieve necessary economies of
scale, (2) capital requirements in
relation to capital availabilty, (3)
the lack of a good market for the
final product that can result in a
price disadvantage for new en-
trants, (4) competition for available
milk supplies that make acquisition
of an adequate milk supply impos-
sible and (5) absolute cost disad-
vantages, especially in the assem-
bly of milk supplies. To identify
the important factors bearing on
entry, management of all cheese
firms in the state were personally
interviewed in the summer of 1963.



Results of these interviews indicate
the nature of specific barriers to
entry.

Growth of the Cheese Industry.
The growth of cheese production in
North Dakota is part of a develop-
ment taking place in cheese pro-
duction elsewhere in the nation.
This partly explains why cheese
production is increasing here. For
example, between 1956 and 1960
the number of cheese plants in
Wisconsin decreased from 988 to
783.15 Several reasons accounted
for this decrease. Lack of adequate
milk supplies for efficient opera-
tion was an important cause. This
resulted from broadening of the
fluid milk supply areas and the
high prices that large, highly ef-
ficient manufacturing plants were
able to pay. Some of the owners
closed all their Wisconsin opera-
tions and looked elsewhere for
areas of less expensive milk sup-
plies. Other Wisconsin firms, when
considering expansion or new
operations, looked to new areas.

The ownership or management of
7 of the 10 cheese factories had or
formerly had some connection with
the cheese industry in Wisconsin
(table 3). These owners or operators
were asked why they left the
cheese business in Wisconsin or
why they chose to expand cheese
production in a new area. Six indi-

1" Hammond, J. W., Financial and Market
Causes for Merger in the Wisconsin Dairy
Industry, Ph. D. thesis, University of Wiscon-
sin, Madison, 1963, p. 4.

cated that obtaining adequate milk
supplies in Wisconsin at manufac-
turing milk prices was too difficult.
Large parts of the dairy production
areas in Wisconsin are under Fed-
eral Order pricing. To enter a Fed-
eral Order market many producers
change to Grade A milk production.
Cheese factories cannot afford the
higher prices paid for Grade A
milk, and as a result many went
out of business.

Table 3. Background of Owners or
Cheese Makers of Norh Dakota Cheese
Factories.

North Dakota cheese factories Number

Owned by Wisconsin firm or
personnel of Wisconsin
cheese firm

Owned by former owners of
Wisconsin cheese firms 3

Cheese maker a former Wisconsin
cheese maker or owner of

cheese factory 1
Owned and operated by native

North Dakotans 2
Other 1
Total E

Factors Encouraging Entry. Vol-
ume of milk handled, total sales,
number of employees, and invest-
ment required to begin cheese pro-
duction were recorded for the 10
North Dakota cheese factories. The
averages and ranges for these size
characteristics are listed in table 4.
These indicies of size are useful in
measuring the relative height of
barriers to entry into the cheese in-
dustry.

Table 4. Size Characteristics of 10 North Dakota Cheese Factories, 1962,

Average Range
Volume of milk handled (pounds) 13,141,000 7,000,000-18,250,000
(cheese only)
Annual sales (dollars) 455,671 250,000-650,000
Required investment to begin operations
(dollars) 98.779 60,000-200,000
Employees (number) 12 8-20




Annual sales or annual volume of
milk processed can be used to de-
termine if the firms are operating
at the low point or near the low
point on the long-run planning
curve. A conversion ratio of 10
pounds of whole milk per pound of
cheese shows that all cheese plants
were producing from 700,000 to
1,800,000 pounds of cheese per
year. The annual volume of cheese
production necessary to realize
economies of size was achieved by
all North Dakota plants in 1963.'¢

The average size plant, according
to the data in table 5, could not
decrease its per pound cost of
manufacture significantly by in-
creasing volume. Only one plant
in the summer of 1963 could have
lowered its average cost by in-
creased volume. Cheese plants in
North Dakota are in a much better
position regarding volume than are
the plants in Wisconsin, the lead-
ing cheese state. For example, al-
most 40 per cent of the plants in
Wisconsin produced less than 500,-
000 pounds in 1955.

Adequate volume necessary to
realize economies of size in cheese
processing has been attained by the
new entrants in the state’s dairy in-
dustry. The data in table 5 may not

18 Governor’s Dairy Marketing Committee,
Improving the Efficiency of Dairy Coopera-
tives in Wisconsin. The University of Wis-

consin, Madison, Wisconsin, September, 1960,
pp. 14-15.

be truly representative of present
day economies of size, but a quick
review of technological advances in
cheese manufacturing indicates no
major change which would affect
optimum size volume since these
figures were published. The com-
parisons warrant the conclusion
that economies of size in cheese
manufacturing have been a very

low Dbarrier to entry in North
Dakota.
The capital requirement for

cheese plants of optimum size is a
relatively low barrier to entry. The
average investment for seven firms
which provided data on investment
was about $100,000, and previous
data on size indicate that these
plants are optimum sized. When
this investment is compared with
investment requirements in other
industries, it appears to be an ex-
ceedingly low barrier to entry.
Three industries considered to have
low capital requirements are flour
milling, shoes and canned goods.
The capital requirements for these
three industries ranged from
$500,000 to $3,000,000.*" Apparent-
ly, the capital requirement should
not be a significant problem for po-
tential entrants in cheese manufac-
ture.

17 Bain, J. S., “Economies of Scale, Concen-
tration, Entry,” in Readings in Industrial Or-
ganization and Public Policy, ed. R. B. Hefle-
bower and G. W. Stocking, Richard D. Irwin,
Incorporated, Homewood, Illinois, 1958, pp.
65-67. :

Table 5. Cost Differences Between High and Lower Volume Cheddar Cheese Plants.

Annvual production

Probable amount by which processing

costs per pound are higher than for
a large volume plant*

(thousand pounds)
Under 500
500 - 999
1,000 - 1,499
1,500 and over

(cents per pound)
14
0.4
0.0
n.a

*A large volume plant is one defined as producing between one and one half million

pounds of cheese per year.

Source: Governor’s Dairy Marketing Committee, Improving the Efficiency of Dairy Coopera-
tives in Wisconsin, Report to Governor Gaylord Nelson, University of Wisconsin,
Madison, Wisconsin, September, 1960, p. 15.



Managers and owners of cheese
factories were queried on the sour-
ces and availability of capital. Five
sources of capital were used by the
10 cheese factories beginning
operations in North Dakota be-
tween 1960 and 1963. Two were
completely financed by the owners.
In one case the owner had sold his
operations in Wisconsin and rein-
vested in his plant here. The other
was opened as another factory of
a cheese firm in Wisconsin.

Other sources of capital were
banks, city economic development
commissions, the Small Business
Administration and equipment com-
panies. In some instances the city
built the building and leased it to
the cheese factory operators on ra-
ther favorable terms. The leasing of
a building limits the total capital
requirement. The number of firms
using each source of financing is
listed in table 6.

Table 6. Sources of Capital for Nine
Cheese Factories Beginning Operations
in North Dakota Between 1960 and 1963.

Number of firms
using the
specified source

Source of capital

Owner financed

Local banks

Local economic development
commission or cities

Small Business
Administration

Equipment companies

Leasing of buildings in
place of owning

= R W T

Capital availability cannot be
evaluated completely by studying
only firms which have obtained
financing. However, the number of
sources and the relatively low re-
quirement suggest this has been a
low barrier to entry in North Da-
kota’s cheese industry.

The small number of employ-
ees, including milk haulers, per
cheese plant implies obtaining labor
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should not be a problem to entry
(table 4). The operators of the six
cheese factories, however, stated
that obtaining experienced or quali-
fied personnel was one of their
main problems. Adequate numbers
of people were willing to work, but
many aspects of cheese making re-
quire experienced personnel who
were not available. In addition,
many of the people hired were not
willing to learn. Some operators
said that the situation was gradual-
ly improving.

Five operators of cheese fac-
tories had experienced difficulty
in obtaining milk of desired qual-
ity. There were two facets of the
quality problem: (1) The factory
has to be sure that its producers
meet state requirements for milk
used in manufactured dairy pro-
ducts. If it is lax in this respect,
the factory runs the risk of being
closed by health authorities. (2)
Operators have to be sure that milk
meets requirements necessary for
making quality cheese. They were
unanimous in their opinion that to
continuously produce good cheese
a high quality milk is needed. The
quality milk problem is compound-
ed by the dual production stand-
ards for milk used in manufactured
products in the state. Regulations
on milk separated and sold as
cream from the farm are very lim-
ited. Essentially, they require the
cowyards, premises and buildings
to be kept reasonably clean, and
utensils and equipment to be kept
clean.

Standards for production of
whole milk used for manufactur-
ing are more strict. They require a
milkhouse, facilities to cool milk to
50° F. two hours after milking,
washing equipment and hot water.
Producers have been given time to
make the improvements, but in



many instances they have been cut
off from selling whole milk, or they
have voluntarily decided not to in-
vest in the required equipment and
facilities. Thus, as far as sanitary
requirements are concerned, the
cream buyers have a substantial
advantage in competing for milk
supplies. In this respect the sani-
tary requirements act as a barrier
to the entry of manufacturing milk
firms.

Another important problem for
cheese factories is the cost asso-
ciated with assembly of milk sup-
plies. At the beginning of this re-
port the low density of milk pro-
duction was discussed. This means
that assembly areas for an optimum
sized processing plant will be much
larger than in more intensive milk
production areas. For the 10 cheese
plants in this study, the minimum
radius of the plants’ assembly areas
was 20 miles, and the maximum,
110 miles. These assembly areas
are exceptionally large for the
volumes of milk received by the
plants.

Data on charges for milk haul-
ing are presented in table 7. Five
of the 10 plants reported the char-
ges for can hauling of milk were
not covering the average cost of
hauling. Only two of the plants
reported costs in excess of charges
for bulk hauling of milk. Nearly all
operators-indicated that the size of
the assembly area was much great-
er for bulk assembly than can pick-

Table 7. Charges for Hauling Milk by
North Dakota Cheese Factories, 1963.

Number of cheese

plants not
Method of covering costs
assembly Charge of assembly

average range
(cents per 100 pounds)

34.0 25-60
30.8 10-60

Can
Bulk
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up for any given hauling cost per
hundredweight.

The question arises as to whether
high hauling costs and large assem-
bly areas are significant problems
to the entering cheese firm. In com-
petition with cream buyers the
cheese factory should have an ad-
vantage regarding price. Whole
milk sales, even with hauling char-
ges as high as 60 cents, can return
more to the farmer in sales revenue
than cream sales. This has been a
traditional relationship. For exam-
ple, the highest hauling charge
made by any of the cheese factories
was 60 cents per hundredweight. It
paid $2.95 per hundredweight for
whole milk, which resulted in a
net to producers of $2.35. Cream
buyers in the same area were pay-
ing 61 cents per pound for butter-
fat. For 3.5 per cent butterfat milk
this returned $2.14 per hundred-
weight to the producer. Selling
whole milk would have increased
receipts by 21 cents per hundred-
weight. Many producers would
show a larger gain than this.

Competition for Milk Supplies.
The amount of competition for
whole milk between cheese proces-
sors and other whole milk proces-
sors is illustrated by the data in
table 8. The average number of
competitors for whole milk was
4.4 They were divided into major
and minor competitors. Major com-
petitors were those which manu-
factured dairy products or were
large fluid milk and ice cream dis-
tributors. The average number of
major competitors per cheese fac-
tory was 3.1, which is not a large
number when size of assembly
areas is considered. Minor competi-
tors were small local milk distribu-
tors. They may have paid higher
prices for milk than the cheese fac-
tory, but their volume was limited



because of the small size of the
market for bottled products. Also
considered as minor competitors
were several butter factories which
roller dried skimmilk.

Table 8. Number of Whole Milk Com-
petitors in Assembly Area for 10 North
Dakota Cheese Plants, 1963.

Minor Maijor
Firm competitors competitors Total

(number) (number) (number)

©-TI0 UTH LD =
Hroocowmor=oo
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Average 3 1 4

It appears that milk assembly is
not a significant problem for the
entering cheese firms. Assembly
costs are high, but they are no
higher than for other manufac-
turing milk plants with which they
compete. The producers can sell to
the cheese factory, pay the hauling
cost and increase their returns
from milk sales. Competition for
whole milk supplies is not so vig-
orous as to make obtaining ade-
quate volume for efficient opera-
tion an impediment to entry.

Marketing problems were not im-
pediments to entry of cheese firms
into North Dakota. In some of the
dairy sub-industries the develop-
ment of a market can be very dif-
ficult. Fluid milk, for example, in-
volves merchandlslng and the de-
velopment of retail outlets. Cheese
also can be marketed this way. It
can be aged, cut and packaged, and
sold directly to retail outlets. But
this involves a great deal of money
tied up in inventory and additional
equipment. Most factories are not
large enough to realize economies
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of scale in merchandising, and com-
petition in retail outlets would be
with some of the nation’s largest
cheese wholesalers. Except for a
small amount of local sales direct
to consumers, none of the plants
merchandised cheese at the retail
level. All sold to large cheese
wholesalers or through cheese
brokers. The product was sold as
green cheese in the 40-pound block
or in the curd form in 400-pound
barrels. Half the factories sold to
Kraft. The remainder sold to Wis-
consin cheese wholesalers and to
West Coast cheese handlers.

In summary, the aggregate effect
of all these factors has not been a
major restraint on the development
of new cheese factories in the state.
Capital requirements do not appear
to be in a serious restriction. Vol-
ume requirements for efficient
operations have been met by all
the existing cheese factories. Com-
petition for whole milk supplies
has not appeared to be vigorous.
Costs of milk assembly are high,
but they have been borne equally
by all milk processors. In the sale
of cheese these firms are not in
competition with other sellers who
have any advantage over them.
Thus, barriers to entry of new
cheese factories have been low.

The Demise of Cream Stations

The number of cream assembly
stations declined from 478 in 1952
to 234 in 1962, a drop of more
than 50 per cent (table 1). This
marked decline was in part due to
the decreasing importance of the
centralizer, To determine other
possible causes and to determine if
cream stations are exiting as quick-
ly as economic conditions war-
rant, a 15 per cent random sample
of cream stations in operation in
April, 1963, was selected for special
study. The owners or operators of



these stations were interviewed
during the latter part of 1963.
Ownership. Various types of

ownership characterized cream sta-
tions (table 9). Twenty-four per
cent were owned by the creamery
or centralizer which received their
cream. The cream station operator
was an employee of the company.
Twenty-four per cent were owned
and operated independently. More
than half were owned and operat-
ed in conjunction with some other
business operation. The most com-
mon of these was the grocery store.
Several other types of businesses
were operated in conjunction with
the cream station. Some operators
were distributors of fluid milk pro-
ducts for some of the larger dairies
in the state. One operated a laun-
dromat, several sold feed and seed,
and one operated a locker plant
and had meat processing facilities.
There were several other miscel-
laneous joint enterprises.

Table 9. Ownership Characteristics of a
Sample of 33 North Dakota Cream Sta-
tions, 1963,

Ownership characteristic Number Per cent

Owned by creamery 8 24.2
Independently owned 8 242
Owned and operated in

conjunction with

another business 17 51.6
Total 33 100.0

Size Characteristics. Size of cream
stations was measured by volume
of butterfat handled and net in-
come to the operator. The 1962
volume of butterfat received by
most stations was relatively small.
For example, 60 per cent of the
stations handled less than 50,000
pounds annually. According to a
former study, only 20 per cent of
the stations had a volume less than
this amount in 1928'8

.1 Anderson, H. G., and A. H. Benton, op.
cit., pp. 39-42.
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Table 10. Annual Volume of Butterfat
purchased by 33 North Dakota Cream
Stations, 1962.

Volume Number of Per cent of
of butterfat cream stations cream stations
pounds

0-9,999 4 121
10,000-24,999 10 30.3
25,000-49,999 5 15.2
50,000-74,999 6 18.2
75,000-99,999 4 12.1
100,000 and over 4 12.1
Total 33 100.0

Average volume of butterfat per cream
station, 49,126 pounds.

Twelve per cent of the stations
included in the 1962 survey han-
dled less than 10,000 pounds of
butterfat, which is less than could
be produced by one medium size
dairy herd during a year. It is evi-
dent that the volume of butterfat
received by a significant proportion
of the stations was much too low
to permit efficient operation.

The declining trend in number
of cream stations and in volume
of butterfat handled by most of
them implies that their importance
as a segment of North Dakota’s
dairy industry is becoming less and
less.

Factors Accounting for Declining
Volume. According to the replies
received from cream station opera-
tors, three factors stand out as the
causes of declining volume of
cream stations. One is the increase
in direct movement of cream from
the farm to the creamery. This has
resulted in part from the develop-
ment of creamery truck routes and
the higher prices the creamery is
able to pay for butterfat. Former-
ly, prices received by the farmer
were the same whether he sold to
the cream station or to the cream-
ery.

A second major factor contribut-

ing to the decreasing volumes for
cream stations was the accelerated



shift to whole milk sales by pro-
ducers which has taken place in
the last five years. The amount of
this shift has been discussed in
earlier parts of this report. Seven-
teen, or more than 50 per cent, of
the 33 sampled cream stations
specified this as a major cause of
the decline of their volume.

Whole milk shipment to cheese
factories was reported as having an
important effect on cream station
volume in the west and central
parts of the state. One cream sta-
tion operator reported that nearly
his entire group of producers was
taken over by the cheese factory.
Several reported losing from 20 to
50 per cent of their cream supplies
with the establishment of a cheese
factory in their supply areas. Stras-
burg had three cream stations be-
fore the cheese factory began
operation. It had one in the sum-
mer of 1963.

Several cream station operators
stated that both cheese factories
and other whole milk plants had
had a significant impact on their
volumes. The older whole milk re-
ceivers seemed to be the main shift-
ers of producers in the eastern part
of the state. Processors such as
Cass-Clay and Bridgeman were re-
ported as expanding and increasing
the number of routes in this area.
These reports are from cream sta-
tions still in business. No doubt the
exit of many stations may be at-
tributed to the shift to whole milk

An additional factor bringing
about decreased cream sales al-
though very closely related to the
above is the change taking place in
milk production. The data in Ap-
pendix II table 3 illustrate the trend
toward fewer milk producers with
larger average herd size. The lar-
ger the herd, the greater is the like-
lihood that the producer is selling
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whole milk. A trend toward larger
and fewer herds means more milk
sold to whole milk  processing
plants and less farm separated
cream sales. Eighteen per cent of
the responses from cream station
operators specified this develop-
ment as a cause of decreased cream
station volume. They stated that
many of the farmers with a few
milk cows were going out of dairy-
ing completely. If these dairy cows
were sold to another producer to
increase the size of his herd, the
chances increased that the purcha-
ser would attempt to shift to whole
milk sales. The cream buyer not
only loses the producer who sold
his milk cows, but he may lose the
cream producer who buys the cows.
Six interviewees were not sure of
the causes for decreased volume.

Income of Operators of Cream
Stations. The main economic ef-
fects of small volume of cream
stations are reflected in efficiency
of operation and income of the
cream station operator. Only a
limited amount of information was
available for estimating the level
of operator income for the samnle
of cream stations. This was de-
termined in one of several ways.

If the cream station was merelv
managed by the operator but own-
ed by others, the net income to the
operator was his salary. If the own-
er managed and operated the
cream station and maintained ex-
pense records, the difference be-
tween the gross margin and ex-
penses represented his net income.
Some owner-operated and managed
cream stations had no records
other than volume of cream and
margins received. For these opera-
tors net income was assumed to be
equal to 90 per cent of the gross
margin.?

1 Net income of the creameries which had
accurate records averaged about 80 per cent
of the gross margin.



Net returns to cream station
operators for butterfat were very
low in 1962. The average net re-
turn for all operators in the sample
was $1,632 (table 11). More than
40 per cent of the operators earned
less than $1,000 per year. Less than
10 per cent had net returns of
$4,000 or more per year from
cream operations. About half of
their stations were operated in con-
junction with some other type of
business, but the total net income
figures for the joint businesses
were not available. Therefore, the
incomes of these operators are not
strictly comparable with those re-
ceived by other operators.

Table 11. Estimated Net Income of
Operators of 33 North Dakota Cream
Stations, 1962*.

Number of Per cent
of operators of operators

Net income
to operator

(dollars)
0-499.99 7 21.2
500.00-999.99 7 21.2
1,000.00-1,499.99 6 18.2
1,500.00-1,999.99 1 3.0
2,000.00-2,999.99 7 21.2
3,000.00-3,999.99 2 6.1
4,000.00 and over 3 9.1
Total 33 100.0
Average net income per operator — $1,632.

*For method of estimation see text.

To overcome this obstacle, net
returns for 16 operators who re-
ceived all their income from the
cream station were determined, The
results are presented in table 12.
Median net return for these 16
operators was $2,378.07. This com-
pares with a median income of
$3,110 for all males in North Da-
kota in 1962 and a median income
of $2,618 for all rural males.?° Over
37 per cent of these cream station
operators received less than $2,000
in annual income, compared with

# United States De}Jartment of Commerce,
Sfahshcal Abstract of the United States, 1962,

S. Printing Office, Washington, D. C,
1963 p. 335.
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about 17 per cent of all North
Dakota families receiving less than
this amount.®* If the sample is
representative of all cream stations
in the state, operators of cream
stations are doing worse than other
income recipients in the state.
And, with volume of business per
cream station on the decrease, the
income outlook is poor.

Table 12. Estimated Net Income of
Operators of 16 North Dakota Cream
Staticns Receiving Entire Income from
Cream Stations, 1962.

Net income
to operator

Number of Per cent
of operators of operators

(dollars)

0-999.99 2 12,5
1,000.00-1,999.99 4 25.0
2,000.00-2,999.99 5 31.2
3,000.00-3,999.99 2 12.5
4,000.00 and over 3 18.8
Total 16 100.0

Average net returns per operator — $2,378.
Median net returns per operator — $2,385.

Factors Mitigating Small Volume
of Cream Stations. The results of
the preceding sections indicate
many cream stations are too small
to operate at a minimum level of
efficiency or to return a satisfac-
tory income to the operator. It
seems logical to consider an in-
come of less than $2,000 per year
to the operator as unsatisfactory
when this is his only source of in-
come. However, two major con-
siderations tend to prevent more
rapid exit of cream stations than
is now occurring. One is the com-
plementary and supplementary re-
lationships that exist between the
cream station and the business with
which it is jointly operated. The
second is the age and lack of more
profitable alternatives for the
operators of cream stations.

The supplementary relationship
between the cream station and
other business has prevented sta-

2t |bid., p. 333.




tions from going out of business
more rapidly than volume of cream
and income would warrant. The in-
come from several miscellaneous
types of businesses supplemented
the income received from the cream
station operations. At the same
time that income is supplemented,
there are complementary relation-
ships. Complementary relations ex-
isted in the use of labor. Many of
the grocery stores and miscellan-
eous businesses were small and lo-
cated in small rural communities
not likely to make very intensive
use of available labor. Receiving of
cream more fully utilized labor
and made some contribution to in-
come.

The jointly operated cream sta-
tion and grocery store aids in main-
taining and generating grocery
sales by providing the service of
receiving cream. Eleven, or one-
third of the sample of 33 stations,
were jointly operated with grocery
stores. One store and cream station
owner said 90 per cent of all checks
he wrote for cream were spent on
groceries in his store. This meant
roughly $7,000 worth of groceries
sales were purchased by farmers
with proceeds from cream checks.
Another store operator paid out
$27,000 for cream purchases in
1963. He estimated that $25,000 of
this was spent in the store on gro-
ceries.

Several of the grocery store
cream station combinations were

FUTURE DEVELOPMENTS

located in small inland towns. The
operators said that the main rea-
son they were able to stay in the
grocery business was the service
they provided farmers. The farm-
ers, in turn, spent their cream
checks on groceries. One stated he
would not buy cream if it were not
for the fact that the service drew
farmers into the store to buy gro-
ceries.

Evaluation of Barriers to Exit.
Barriers to exit of cream stations
can be characterized as low, simply
because a great deal of exit has
been and is taking place. The pre-
ceding discussion indicates why
they are low. Very few fixed as-
sets are required for operating a
cream station; thus, there is no
problem of disposing of assets. Re-
turns to operators are so low that
if any alternative employment
arises promising higher returns,
they are likely to close their sta-
tions.

The decline in number of cream
stations is accelerated by the higher
prices creameries with truck routes
can pay for butterfat resulting in
loss of volume. The drop in volume
is accompanied by a cost disadvan-
tage in cream station operation.

The only factors tending to re-
strict the rate of exit are the sup-
plementary and complementary re-
lationships when the cream station
is operated jointly with some other
type of business.

IN THE DAIRY INDUSTRY

OF NORTH DAKOTA

The most recent developments in
the North Dakota dairy industry
suggest strongly that current
trends and developments will con-
tinue for some time to come. The

rapid decrease in the number of
cream stations and volume of cream

handled by them shows no indi-
cation of moderating. Establish-
ment of new and growth of exist-
ing cheese factories can reasonably
be expected to continue. In con-
trast, evidence points to a con-
tinued downward trend in number
of creameries.
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Cheese Production

Since surveying the 10 cheese
factories in operation in North Da-
kota in the summer of 1963, two
new factories have begun manufac-
turing cheese, one at Wishek and
the other at Garrison. It is unlikely,
however, that there will be a mark-
ed increase in numbers. Emphasis
today is on plants and firms of
large size in order to obtain need-
ed efficiency in processing. Growth
of the industry will largely result
from growth of existing plants ra-
ther than a continual increase in
cheese plant numbers.

If the development of the cheese
industry is, in large part, a mat-
ter of growth of existing firms,
what might be expected in the way
of growth or what is the potential
for growth? To answer this ques-
tion a simple procedure was used.
The supply areas from which each
of the 10 surveyed cheese plants
assemble milk were determined.
The product of the number of milk
cows in their supply areas and the
average milk production per cow in
North Dakota for 1962 was taken
as the estimate of milk supplies in
the area.?? For those cheese fac-
tories which assembled milk from
outside the state the estimate of
outside milk was based on the pro-
portion of the procurement area ly-
ing outside the state. Results of
this procedure are presented in
table 13.

None of the cheese factories re-
ceived more than 25 per cent of
the milk in its supply area. Six
were receiving less than 20 per cent
of the total milk supplies. Poten-

22 Milk cows per county were reported in
State of North Dakota Biennial Report of
the Department of Agriculture and Labor,
Bismarck, North Dakota, and milk production
per cow in North Dakota, from United
States Department of Agriculture supplement
for 1962 to Dairy Statistics Through 1960,
Statistical Bulletin No. 303, Economic Re-
search Service, Washington, D. C., 1963, p. 3.
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Table 13. Per Cent of Total Milk in Each
of 10 Cheese Factory Supply Areas
Which Was Received by the Cheese Fac-
tory, North Dakota, 1962,

Per cent of total milk

Cheese factory received by cheese factory

No. 1 24.5
No. 2 15.5
No. 3 11.8
No. 4 15.6
No. b 14.9
No. 6 5.3
No. 7 20.6
No. 8 21.0
No. 9 24 4
No. 10 9.0

Per cent of all milk in North Dakota
received by cheese factories, 5.99%.

tial in terms of possible raw milk
supplies appears extremely favor-
able. There is some overlapping of
whole milk supply areas hetween
cheese factories and between
cheese factories and other whole
milk processors, but it is not exten-
sive. Some overlapping occurs
where local fluid milk distributors
assemble milk. These distributors
usually are not large, and their po-
tential for expansion is very limit-
ed. The cheese factories generally
are well distributed throughout the
state thus avoiding duplication of
milk procurement operations.

Another factor makes the out-
look bright for existing factories.
Nearly all factories are assembling
milk in some areas where no other
whole milk is being marketed.
Thus, as producers shift to whole
milk sales, the cheese factories will
very often be the most likely out-
let.

Cream Stations

The outlook for survival of the
cream station is poor. Several de-
velopments lead to this conclusion.
First, the nation as a whole has
moved away from farm separated
cream. Only 5 per cent of all milk
marketed by farmers in the United
States in 1962 was marketed as



farm separated cream (Appendix
I, table 4). In 1940 this percent-
age was 38 and in 1950, 20 per
cent. Comparable figures for North
Dakota for 1940 and 1962 were 94
and 70 per cent, respectively.?® The
proportion dropped to 67 per cent
in 1963. If the North Dakota dairy
industry continues to make the
same adjustment as the industry
has throughout the nation, the
cream station is likely to become an
institution of the past.

A projection of the current de-
crease in cream station numbers
leads to the same conclusion. The
annual decline in number of cream
stations averaged 24 for the 10-year
period 1952-1962 and 20 for the
8-year period 1954-1962. A projec-
tion of the smaller annual change
suggests the exit of all cream sta-
tions by 1974. The complement:
and supplementary relations be-
tween some cream stations and a
jointly operated business will re-
tard the rate of exit. The number
in 1970, however, probably will be
less than 100.

Creameries

The procedure used in projecting
future changes in number and dis-
tribution by size of North Dakota
creameries is described in Appen-
dix L2

The projections discussed here
are concerned with butter produc-
ing plants, not dairy firms. Al

423 Figures based on data from United States
Department of Agriculture, Dairy Statistics
Through 1960 and Suppiement Through 1962,
Statistical Bulletin No. 303, Economic Re-
sggé‘ch Service, Washington, D. C. 1962 and
1 .

23 The Markov process was utilized in de-
riving the projections. This method uses
probabilities as a basis of projection. A basic
premise is that changes in plant size can be
classified in a probability distribution. The
probabilities are generated by underlying eco-
nomic and noneconomic factors that deter-
mine the growth and development of firms
and markets. If these underlying forces do
not change, the projections may be considered
valld. It should be emphasized that the pro-
jections are not forecasts.

26

though a dairy plant may cease pro-
duction of butter, the firm may
continue producing other products
at that plant or some other plant.
For example, Bridgeman’s in Grand
Forks ceased butter production sub-
sequent to 1954, but it continues to
bottle milk and manufacture ice
cream.

The development of the cheese
industry, the rapid shift to whole
milk sales by producers during the
past four or five years and the
necessity for creameries to grow
in order to achieve certain econo-
mies of size in production of but-
ter have influenced the number
and size distribution of creameries.

It is reasonable to conclude that
a continuation of the expansion in
cheese manufacture and shift to
whole milk will be accompanied by
a decline in the number of cream-
eries. Even with the decline in
number, this continuation is likely
to increase the proportion of
creameries operating with low vol-
ume of butter output. It will be
difficult for many creameries to
achieve that volume adequate for
efficient operation. These conclu-
sions are confirmed by the results
obtained from the application of
the method used in deriving the
projected number of creameries
and their distribution by size.

North Dakota creameries num-
bered 77 in 1964.2%5 The projected
numbers in 1974 and 1990 are 57
and 44, respectively (table 14).

Ta_ble.'l4. Projected Number of Cream-
eries in Specified Years, North Dakota.

Year Number
1964 77
1966 68
1970 61
1974 57
1990 44

% One firm was omitted from the analysis
because data were not available prior to 1959.



Table 15. Projected Proportion of Creameries in Different Size Classes For Specified

Years, North Dakota.

Size classification*

Year S, S. S, S, Ss S, Total
1964 325 33.2 28.0 2.8 0 3.5 100.0
1970 33.7 315 29.7 2.8 0 2.3 100.0
1974 34.9 30.2 30.4 2.9 0 1.6 100.0
1990 43.2 275 26.7 2.6 0 0 100.0

*Annual production of butter in pounds:

S, Less than 250,000
S. 250,000-499,000
S: 500,000-999,999

S, 1,000,000-1,499,999
S:  1,500,000-1,999,999
S. 2,000,000 and over

Little change is expected in the
proportionate distribution of cream-
eries by size or volume of butter
manufactured during the next 10
years. The projections suggest that
by 1974 about 65 per cent of the 57
creameries will be producing less
than 500,000 pounds of butter an-
nually (table 15). This proportion is
approximately the same as in 1964.
The probability is that the propor-
tion will increase to about 71 per
cent in 1990. Less than 3 per cent
of the 44 creameries projected for
the latter year will be producing as
much as 1,000,000 or more pounds.

Implications of Projections

The projections which have been
discussed suggest significant adjust-
ments yet to take place in the
North Dakota dairy industry.

Cream stations will become a
very minor part of the marketing
industry. Thus, many communities
will lose a business. This is serious
not only because of the income and
purchasing power of the owner of
the cream station that will be lost.
but because of the loss of persons
who do business in the community
as a result of delivering cream to
the station.

The projections for creameries
are even more significant. The
trends in the size distribution of
North Dakota creameries indicate
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serious efficiency problems. At pre-
sent a majority of creameries are
too small to realize minimum unit
cost of butter manufacturing. Yet
projections indicate the problems
will become more acute.

The data in table 15 suggest that
the annual volume of butter pro-
duction will be less than 1,000,000
pounds for about 95 per cent of
the creameries in 1974 and less
than 500,000 pounds for 65 per
cent of the creameries. Efficiency
studies indicate a butter output
of from 750,000 pounds to 1,000,-
000 pounds to be necessary for ef-
ficient operation.?®

These projections are not at all
inconsistent with what is happening
in butter manufacturing in the
state. Creamery numbers are be-
coming fewer, and some consolida-
tions of creameries bhave taken
place. However, the decrease in the
amount of cream sold to cream-
eries is more than offsetting vol-
ume increases of each plant which
would result from creamery con-
solidation. The proportion of all
milk sold as cream for the four-
year interval 1958-1962 decreased
from about 89 per cent to 71 per-

= Knudtson, A, C., and E. F. Koller, Manu-
facturing Costs in Minnesota Creameries,
Station Bulletin 442, Agricultural Experiment
Station, University of Minnesota, St. Paul,
June, 1957, pp. 19-21; and Governor’s Dairy
Marketing Committee, Improving the Effi-
ciency of Dairy Cooperatives in Wisconsin,
op. cit.,, pp. 11-12,




cent (Appendix II table 4). Evidence
points to a continuation of this
decline; consequently, a large pro-
portion of creameries is likely to
find greater difficulty in maintain-
ing adequate cream volume for
plant efficiency in the future.

Creameries in many communities
will cease operation. Some will
have no alternative. The loss of a
creamery by a community has more
serious consequences than a loss of
a cream station. Creameries have
more employees and more potential
for bringing money into the com-
munity than the cream station.

There are two policies which
might alleviate the problem. One is
increased emphasis on merger and
consolidation of existing cream-
eries. This may enable resulting
firms to attain some economies of
large scale operations. Another
may be programs designed to ac-
celerate the shift to whole milk

SUMMARY AND

The major findings of this study
fall into four major areas: (1) The
general trends in industry concen-
tration and the reduced number of
dairy firms in North Dakota, (2) the
developing cheese industry, (3) the
demise of cream station assembly
of cream, and (4) projections of
plant numbers for cheese factories,
cream stations, and creameries.

The total number of dairy pro-
cessing plants in North Dakota has
not exhibited the same trends ob-
served elsewhere in the nation.
For example, butter plants in Wis-
consin declined from 350 in 1947
to 194 in 1958, a drop of 45 per
cent. During about the same period
the number in North Dakota de-
clined from 105 to 90, a decrease
of 14 per cent.

Cream station numbers have de-
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operations that can operate with
relatively low volumes of milk. The
development of large butter-pow-
der operations may be a solution in
some parts of the state. Thus, as
the firms lose volume in cream
assembly and churning, offsetting
growth can be made in whole milk
processing. These solutions are not
open to all firms. No doubt, many
will have to leave the industry.

The cheese industry is the bright-
est area of the dairy industry for
North Dakota communities. In-
creasing size of existing cheese
factories means additional income
and potential business for these
communities. Cheese making is a
relatively labor intensive type of
dairy operation; thus, employment
opportunities may be increased
above those which are lost through
the egress of a creamery. If addi-
tional cheese factories are built in
North Dakota, other communities
will benefit in the same way.

CONCLUSIONS

creased more rapidly than butter
processing plants in North Dakota.
The decline from 478 in 1952 to
234 in 1962 represented a drop of
more than 50 per cent in 10 years.

For most dairy products, pro-
duction has become more and more
concentrated in firms of larger size.
The main exception is in the pro-
duction of American cheese.

The changes in concentration
were considered in terms of their
effect on competition. Increased
concentration for butter and dried
buttermilk has had little effect on
the selling of these products. In
the purchase of cream the cream-
eries may have been placed in a
somewhat stronger competitive po-
sition.

Decreased concentration for



American cheese is merely repre-
sentative of the development of
the industry in the state. The entry
of these new plants means in-
creased competition for whole milk
supplies. This could result in high-
er prices paid for whole milk.

The establishment of cheese
firms was one of the most signifi-
cant developments in the state’s
dairy industry. Twelve cheese
plants have been established since
1959. This development appears to
be part of a shift of the cheese pro-
duction areas taking place through-
out the nation. Large numbers of
cheese factories have ceased opera-
tions in Wisconsin. Owners or
cheese makers of these factories
have in several instances establish-
ed new or additional factories in
North Dakota. Seven of the 10
cheese factories visited in the sum-
mer of 1963 were owned by former
owners of Wisconsin cheese firms,
presently owned by a Wisconsin
cheese firm, or had a cheese maker
who was a former Wisconsin cheese
maker or owner of a cheese fac-
tory.

Entry barriers for these new
cheese factories were found to be
low. Because there was not a large
number of whole milk assemblers
in the state, these factories were
able to obtain volumes of milk
necessary to achieve economies of
size. Only one cheese factory was
producing at a volume not suf-
ficient to realize lowest per unit
costs. In Wisconsin, about 40 per
cent of all cooperative cheese fac-
tories were below optimum size in
1958.

The cream assembly segment of
North Dakota’s dairy industry has
shown the greatest change in num-
bers in recent years. The main fac-
tors bringing about the exit of
cream stations were increased vol-
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umes of cream moving on truck
routes direct from producer to
creamery, a large proportion of
milk sold as whole milk, and the
tendency of producers to increase
the size of the dairy herd and shift
from cream sales to whole milk
sales.

Decreasing volume has resulted
in reduced income for cream sta-
tion operators and increased per
unit costs of assembly. Average in-
come to cream station operators
was $1,633 in 1962. More than 42
per cent of cream stations were
operating at a volume too low for
desired efficiency.

Cream stations will continue to
exit from the industry. Their in-
vestment in facilities and equip-
ment is low; therefore, assets do
not pose a major restriction on
exit. The only serious impediment
seems to be lack of alternatives for
the operators. It is estimated there
will be fewer than 100 cream sta-
tions in the state by 1970.

The number of cheese factories
is not likely to get very large, but
the outlook for the existing fac-
fories is very favorable. None of the
10 cheese factories in 1963 was re-
ceiving more than 25 per cent of
the milk produced in its assembly
area. Thus, factories have high po-
tential for growth.

Past trends and projections of
numbers of dairy plants indicate
growth of whole milk manufactur-
ing plants, particularly cheese. It
appears that cheese plants can ac-
quire milk volumes sufficient to
realize necessary economies of
size. Thus, the activities of the
Economic Development Commission
to establish cheese factories have
had and are likely to have a favor-
able effect on North Dakota dairy-
ing. Firms owning the plants may
expect a reasonable return on in-



vestment. Farmers may expect in-
creased prices and returns from
milk sales.

The number of creameries prob-
ably will not exceed 57 by 1974
compared with 77 in 1964. It is
estimated that about two-thirds of
this number will have an output
of butter below 500,000 pounds
annually. This amount is below that
required for efficient operation.
The probability is that only one or
two creameries of the 44 projected
for 1990 will be producing as much

as 1,000,000 pounds.

The demise of cream stations,
the decreasing importance of
creameries and the projected fu-
ture decrease imply efficiency
problems. Consolidation and mer-
ger of many creameries now in ex-
istence may be part of the solution.
Perhaps creameries should be con-
sidering the development of drying
facilities so they can handle whole
milk. Merger of plants and/or ex-
pansion into milk drying might
ease the process of adjustment.

APPENDIX |

Method of Projecting
Creamery Numbers #7

This appendix describes the me-
thod used in projecting creamery
numbers in North Dakota. The
base period for the projections dis-
cussed in the text was the time
interval 1958-1962. Another base
period was also considered in this
study, that of 1944-1959. This per-
iod consisted of three subintervals
(1944-1949, 1949-1954 and 1954-
1959). Changes that occurred dur-
ing each of these subintervals were
averaged to provide data for the

1944-1959 base period. It is this:

base period which will be used here
to illustrate the Markov method of
projection.

The first step in the Markov
process is to establish size cate-
gories and record the movement of
creameries from one size category
to another during the specified
time periods. The size classifica-

27 This section is based on: Kemeny, J. G..
and J. L. Snell, Finite Markov Chains, D. Von
Nostrand Company, Incorporated, Princeton,
New Jersey, 1960; Padberg, D. I, “The Use
of Markov Processes in Measuring Changes in
Market Structure,” Journal of Farm Econom-
ics, American Farm Economics Association,
Volume XLIV, No. 1, February, 1962, pp. 189-
199; Alexander, W. H., and D. C. Williams,
op. cit.

Appreciation is extended to Thor A. Herts-
gaard, assistant professor of Agricultural
Economics, North Dakota State University,
and Ronald D. Krenz, agricultural economist,
Economic Research Service, U. S. Department
of Agriculture, for their suggestions regard-
ing the organization of this section.
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tions used for the projections are
repeated in Appendix I, table 1.

Table 1. Size Classification of Cream-
eries in North Dakota.

Class notation Annvual butter production

(pounds)

S, 0

S, 1- 249999
S. 250,000- 499,999
S. 500,000- 999,999
Sy 1,000,000-1,499,499
S; 1,500,000-1,999,999
Ss 2,000,000 and over

The data in Appendix I, table 2
represent a matrix of the plant
movements from one size category
to another for the period 1944-
1949.2% Each element of this ma-
trix represents movements of firms
during the time period. For ex-
ample, the element in the S, row
and the S; column (symbolically de-
noted as Sy) states that six new
firms entered the industry in the
size category S;. The item in the S.
row and S; column represents 11
plants which were in size category
S, at the beginning of the period
as moving to a smaller size S;.

2 This matrix may be referred to as a
flow chart. A flow chart was calculated for
each time period included in the base period.
The base period used for one projection here,
1944-1959, contained three time periods. The
flow chart for the entire base period is con-
structed simply by summing corresponding
elements of each of the flow charts for the
respective time wperiods contained in the
entire base period.



Table 2. Movements of North Dakota
Creameries From Various Size Cate-
gories for the Period 1944-1949,

Size

group Size group in 1949

in1944 S, S, S. S, S, S; S, Total
Sp 22 6 2 0 0 0 0 30
S, 837 2 0 0 0 0 =47
S. 21119 2 0 0 0 34
S. 0 2 5 4 0 0 0 11
S, 0 0 0 3 1 1 0 5
S, 00 0 1 1 0 0 2
S, 000 013 2 6

Total 32 56 28 10 3 4 2
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The 22 in the S, row and S, col-
umn was an artificial value that
was arbitrarily inserted for compu-
tational purposes. This value has
no meaning for interpretation of
Appendix I, table 2, but it does re-
sult in the S, row total, the S,
column total, and the matrix total
(extreme lower right-hand corner)
exceeding their true value by 22
units. The sum of all columns ex-
cept Sy is the total number of
creameries (103) in operation at the
end of the period. Likewise, the
sum of all row totals except S, is
the total number of creameries
(105) in business at the beginning
of the period.

The next step is to calculate the
transition probability matrix from
the flow chart for the entire base
period. This is done by computing
each element in a row as a fraction
of the row total for all rows. This
is the transition probability matrix
for the 1944-1959 base. This ma-
trix, denoted by the letter P, is

presented in Appendix I, table 3.
Because like elements were added
from the flow charts for the time
periods 1944-1949, 1949-1954 and
1954-1959, this matrix represents
the average movement for a five
year period on the 1944-1959 base.
Row totals for any P matrix will
always equal one. Each element is
the probability that a firm will
move from one size category to
another during any five-year per-
iod. Element S,; (.1720) is the prob-
ability that a creamery will move
from size S, to S; during any five-
yvear period. Element S,, (.6803) is
the probability that a firm in size S,
at the beginning of the period will
stay in that classification during the
time period. All the elements in
the main diagonal are the probabili-
ties that the creamery will stay in
the class during that time period.

Another transition probability
matrix was constructed for the
1958-1962 period (Appendix I, table
4). This was a period during which
the underlying forces generating
these probabilities were consider-
ably different from the preceding
periods. Cheese factories had be-
gun operating in the state. The
shift to whole milk shipment by
farmers was taking place at an ac-
celerated rate. Several of the large
centralizers had ceased operations.
These developments did not get
started until about 1959; therefore,
to obtain probabilities representa-
tive of the conditions, the time in-
terval was shortened to four years,
because the last year for which

Table 3. Transition Probability Matrix for Creameries in North Dakota (1944-1959

Base Period).

So S, Ss S« Ss Se

Sy .8812 .0891 .0297 0 0 0 0

Sq .1496 .6803 1701 0 0 0 0

Se .0430 1613 .6239 1720 0 0 0

P = Sy 0 .0690 .3448 .4827 .0690 .0345 0
Si .2000 0 .4000 .1000 .2000 1000
Ss 1111 0 2222 1111 2222 3334
Se .0769 .0769 0 .0769 .2308 5385
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Table 4. Transition Probability Matrix for Creameries in North Dakota (1958-1962

Base Eeriod).

S, S, S S, S. Ss S,
So 9333 .0667 0 0 0 0 0
S, .2759 .5862 1379 0 0 0 0
S. .1081 .1351 .5676 .1622 .0270 0 0
P = Ss 0 0 1765 7647 .0588 0 0
S.  1.0000 0 0 0 0 0 0
Ss 0 0 0 0 0 0 1.0000
Se .4000 0 0 0 0 0 .6000

plant data were available was 1962.

These transition matrices are
useful in determining certain
characteristics about the plants in
the industry. High probabilities in
the main diagonals indicate a sta-
ble industry with little mobility of
the firms. The probabilities in the
main diagonal of this matrix are
low. Probabilities for both of these
base periods indicate considerable
movement from one size category
to another. The sum of the ele-
ments on the left side of the diag-
onal element on each row as com-
pared with the sum of the ele-
ments on the right side indicate
whether there is a greater tendency
of a creamery growing or decreas-
ing its volume if it does move out
of that size classification. For the
1944-1959 base period (Appendix
I, table 3) the probability that a
firm in size category S; will de-
crease in size (.0690 - .3448 —
.4138) is much greater than the
probability that it will increase in
size (0690 + .0345 — .1035). For
the base period 1958-1962 the re-
spective probabilities were .1765
and .0588 Appendix I (table 4).
Thus, these matrices not only can
be used for projections, but they
also indicate something about sta-
bility within the industry.

When the initial size distribu-
tions of firms and the associated
probability matrices for the speci-
fied time periods are known, pro-
jections of creamery numbers can
be made. The procedure is a fol-

the initial distribution of cream-
eries in each size classification in
1958.

C= (C07 Cl’ CZ) C37 C4’ Cﬁ; CG)

45,29, 37,1, 1, 5)
Then the number of creameries at
the end of the four-year period in
each class is the number of cream-
eries staying in that class plus those
coming from each of the other
classes into that class. The proba-
bilities are used to estimate the
proportion moving from one classi-
fication to another. The expected
number of creameries in the S,
class would be the row vector C
times the S, column of the P matrix
for 1958-1962. Thus, the distribu-
tion of creameries at the end of
the first time period can be calcu-
lated by multiplying the vector C
times the matrix P or
C()P == Cl'
Because the estimate of the proba-
bilities is based on this same time
period, this product, a row vector,
1s the distribution of creameries
that was actually observed in 1962.
The projected number in 1966 is
the 1962 distribution of creameries
multiplied by P.
C,P = C; but
C, = C,P, thus, Cs
== CyPP = C,P2.
Similarly, the distribution for 1970
is C, multiplied by P,
C.,P — C; = C,P3,

and for the nth four-year time
period

Cn = C,Pn,
Appendix I, table 5 gives the

lows: let C be a vector representing projected number of creameries
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Table 5. Projected Number of Cream-
eries in Each Size Classification in North
Dakota (1944-1959 Base Period).

Number in class*

Year S, S. Sa S, S: So Total
number
1964 35 33 14 2 2 3 89
1969 35 33 13 2 2 2 87
1974 34 32 13 1 2 2 84
1989 34 31 12 1 1 2 81
Equi-
librium 34 30 11 1 1 1 78

*For size classification see table 1.

and the distribution by size using
the 1944-1959 base period.

Since the 1944-1959 period does
not include some major shifts
which occurred in the creamery in-
dustry since 1959, it is likely that

the 1958-1962 base period provides
more realistic projections than does
that based on the 1944 - 1959 time
period.

Probability matrices such as
those used in the Markov process
have another useful characteristic.
For example, when the matrix P is
raised to some power, all rows con-
verge to a unique vector, K. Thus
KP K.? This means that the
proportion of creameries in each
class is tending toward a distribu-
tion where there is no net move-
ment of firms in or out of each
class. This is known as the equili-
brium position. In this case it is
the equilibrium distribution of
creameries.

APPENDIX Il

Statistical Tables

Table 1. Milk Production and Milk
Equivalent Sold From Farms, North Da-
kota, 1940-1962.

Total
Production amount
Year total sold
(million (million
pounds) pounds)

1940 2081 1627
1941 2238 1789
1942 2277 1846
1943 2198 1804
1944 2099 1709
1945 1970 1574
1946 1949 1589
1947 1905 1546
1948 1725 1394
1949 1678 1393
1950 1699 1397
1951 1700 1401
1952 1723 1432
1953 1759 1483
1954 1786 1515
1955 1785 1543
1956 1791 1557
1957 1762 1547
1958 1773 1590
1959 1757 1598
1960 1700 1555
1961 1740 1603
1962 1763 1637

Source: Taylor, Fred R., R. F. Engelking, and
C.” J. Heltemes, North Dakota Agri-
cultural Statistics, Bulletin 408, Agri-
cultural Experiment Station, North
Dakota State University, Fargo, North
Dakota, pp. 35-36.
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Table 2. Milk Cows and Production Per
Milk Cow, North Dakota, 1940-1962.

Number of Production
Date milk cows per cow
(thousand) (pounds)
1940 484 4300
1941 511 4380
1942 532 4280
1943 536 4100
1944 530 3960
1945 495 3980
1946 463 4210
1947 432 4410
1948 392 4400
1949 377 4450
1950 375 4530
1951 368 4620
1952 365 4720
1953 371 4740
1954 372 4800
1955 368 4850
1956 359 4990
1957 335 5260
1958 311 5700
1959 289 6080
1960 272 6250
1961 274 6420
1962 277 6580

2 The method for solving for K is explain-
ed in Williams, D. C., and W. H. Alexan-
der, op. cit, pp. 15-16; and Padberg, D. I,
op. cit., pp. 189-191.



Table 3. Characteristics of Milk Production on Farms in North Dakota for Se-
lected Years.

Ave, No. of
Number Per cent cows/farm
Number Number reporting reporting Prod/farm reporting
Year cowsa farmb dairy cowsb dairy cows with cows dairy cows
(number) (number) (number) (per cent) (pounds) (number)
1940 484,000 73,962 62,096 84.0 33,513 7.8
1950 375,000 65,401 49,220 75.3 34,518 7.6
1954 372,000 61,943 42,686 68.9 41,840 8.7
1959 289,000 54,928 30,483 55.4 57,639 9.5

Source: (a)Taylor, F. R., R. F. Engelking, and C. J. Heltemes, North Dakota Agricultural Sta-
tistics, Bulletin 408, Agricultural Experiment Station, North Dakota State Uni-
versity, Fargo, North Dakota, February, 1962.
(b)United States Department of Agriculture, Dairy Statistics Through 1960 and
Supplement Through 1962, Statistical Bulletin 303, Economic Research Service,
Washington, D. C.

Table 4. Whole Milk Equivalent of Milk Marketed as Whole Milk and as Cream
in North Dakota and United States, 1940-1962.

North Dakota United States
Amount Amount Total Per cent Amount Amount Total Per cent
Year sold as sold as amount delivered sold as sold as amount delivered
cream milk sold as cream cream milk sold as cream
(million pounds) (per cent) (million pounds) (per cent)

1940 1519 43 1562 97.2 32965 47152 80117 41.1
1941 1681 50 1731 97.1 33967 52062 86029 39.5
1942 1732 60 1792 96.7 31080 59076 90156 34.5
1943 1687 70 1757 96.0 29871 59656 89527 33.4
1944 1601 64 1665 96.2 26026 63680 89706 29.0
1945 1468 64 1532 95.8 23868 68929 92797 25.7
1946 1474 74 1548 95.2 21379 69619 90998 23.5
1947 1427 80 1507 94.7 20952 70559 91511 22.9
1948 1274 85 1359 93.7 19712 69010 88722 22.2
1949 1250 90 1340 93.3 19949 73290 93239 214
1950 1272 95 1367 93.1 20208 74205 94413 21.4 -
1951 1277 95 1372 93.1 18530 74480 93010 “19.9
1952 1311 95 1406 93.2 16853 77301 94154 17.9
1953 1348 110 1458 92.5 16334 84567 100901 16.2
1954 1370 125 1495 91.6 15910 87874 103784 15.3
1955 1369 147 1516 90.3 14688 90960 105648 13.9
1956 1385 157 1542 89.8 13264 95521 108785 12.2
1957 1360 175 1535 88.6 11669 98284 109953 10.6

1958 1400 180 1580 88.6 10280 99626 109906 9.4
1959 1360 230 1590 85.5 9073 100809 109882 8.3
1960 1310 268 1578 83.0 7942 103791 111733 7.1
1961 1210 385 1595 75.9 6910 108145 115055 6.0
1962 1150 480 1630 70.6 5973 110280 116253 5.1
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Table 5. Production of Dairy Products by North Dakota Dairy Plants, 1940-1

Year

Ice cream Creamery
butter

Creamed Other frozen Cottage
cottage
cheese

f;;al sold Cream sold

as whole
milk or

products cheese curd farm

skimmed
cream

to plants
& dealers

Milk

sold to

plants &
quantity bft. dealers

1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962

(thousand) (thousand) (thousand) (thousand) (thousand) (million)

gallons

1,086
1,267
1,468
1,231
1,296
1,505
3,079
2,677
2,324
2,211
1,948
1,947
2,196
1,999
1,952
1,980
2,058
2,204
2,324
2,562
2,522
2,679
2,622

pounds

58,416
64,638
66,675
62,597
56,093
51,007
49,800
49,525
44,999
43,372
44,534
44,636
44,658
50,118
50,602
51,726
52,172
56,759
57,365
56,134
56,867
56,498
52,763

pounds

869
1,102
1,084
1,092
1,085
1,009

pounds

26
13
22
140
124
389

pounds pounds
161 1,562
167 1,731
177 1,792
116 1,757
132 1,665
175 1,532
107 1,548
134 1,507
151 1,359
Not Listed 1,340
183 1,367
156 1,372
172 1,406
239 1,458
289 1,495
303 1,516
386 1,542
578 1,535
859 1,580
681 1,590
602 1,647
494 1,595
536 1,630

(thousand) (million)

pounds

55,440
61,360
63,220
61,580
58,440
53,580
53,800
52,090
46,500
45,620
46,430
46,610
47,850
49,200
50,000
49,970
50,550
48,960
49,700
47,600
45,500
42,960
41,400

pounds

43
50
60
70
84
64
74
80
85
90
95
95
95
110
125
147
157
175
180
230
247
385
480

Source: Taylor, F. R., R. F. Engelking, and C. J. Heltemes, North Dakota Agricultural Statis-

tics, Bulletin 408, Department of Agricultural Economics, Agricultural Experiment

Station,

Fargo, North Dakota, February, 1962, pp. 38-39.

Milk Production,

USDA, April, 1963.

Disposition, and Income,
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1961-1962,

North Dakota State University and Statistical Reporting Service,

USDA,

Statistical Reporting Service,
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