
SH 
11 .A2 03 
no.4

NOAA Technical Memorandum NMFS OF 4

COST ANALYSES OF FISH PRICE MARGINS, 1972-77,
AT DIFFERENT PRODUCTION AND DISTRIBUTION LEVELS

Erwin Penn

Economic Analysis Staff 
Office of Policy and Planning 
Washington, D.C.March 1980

UNITED STATES 
DEPARTMENT OF COMMERCE 
PtlHp M. Kkitznlck, Secretary

NATIONAL OCEANIC AND 
ATMOSPHERIC ADMINISTRATION 
Richard A. Frank, Administrator

National Marin* Fatones Service 
Terry L LaitzaA, Assistant 
Admkilstnator lor Fisheries a



3/S
//

-/}2Q3
7To- ‘-f-

NOAA Technical Memorandum NMFS OF 4

COST ANALYSES OF FISH PRICE MARGINS, 1972-77,
AT DIFFERENT PRODUCTION AND DISTRIBUTION LEVELS

Erwin

Economic Analysis Staff 
Office of Policy and Planning 
Washington, D.C.
March 1980

UNITED STATES 
DEPARTMENT OF COMMERCE 
PhNp M. Klutzntck, StcrtUry

NATIONAL OCEANIC AND 
ATMOSPHERIC ADMINISTRATION 
Richard A. Frank, Administrator

National Marine Fisheries Service 
Terry L Leitzell, Assistant 
Administrator tor Fisheries

fig



CONTENT
Page

Abstract ..................................................  1

Purpose of the study................ ....................1

Price margins of fishery products ........................ 2

Cost analyses of price margins ............................  5

Value added as a measurement of economic contributions  . 13 
Value added in the measurement of productivity............21

Cost-price-volume relation ................................  22

Production level ........................................  22

a. Break-even level ..................................  27
b. Price-volume relation ............................  28

Distribution level ......................................  29

a. Change in fixed costs.............................. 29
b. Change in variable costs............................ 30

Trade-offs of fixed and variable costs ..................  31



TABLES
Page

1. Cost rates as percentages of gross earnings for different
fishing vessels, 1977 ---------------- -------------------  6

2. Cost rates, as percentages of gross earnings (margin), at
processing and wholesale levels, 1972 ------------------------ 8

3. Cost rates, as percentages of gross earnings, at the retail
level, 1973 and 1974 ----------------------------------------- 9

4. Price indices and wage rates of inputs used by fish pro
duction and marketing firms, 1972-77 ------------------------- 10

5. Composite cost indices for U.S. fish canning plants for
1975-77 with 1972 as the base year-- ------------------------- 11

6. Composite cost indices for U.S. fisheries at the harvesting,
processing, and marketing levels, 1972-77 -------------------- 12

7. Contribution to the gross national product by the U.S. fishing
industry at the harvesting level, 1975-77 -------------------- 15

8. Contribution to the gross national product by the U.S. fishing
industry at the processing level, 1975-77 -------------------- 16

9. Contribution to the gross national product by the U.S. fishing
industry at the wholesale level, 1975-77 --------------------- 17

10. Contribution to the gross national product by the U.S. fishing
industry at the retail level, 1975-77 ------------------------ 18

11. Contribution to the gross national product by the U.S. fishing
industry at the food service levels, 1975-77 ----------------- 19

12. Contribution to the gross national product by all levels 
from processing/wholesale to food service industries that
market imported fish products, 1975-77 ----------------------- 19

13. Total contribution to the economy in terms of gross national
product (GNP) from all domestic and imported edible fish 
products by functional levels, 1975-77 ----------------------- 20

14. Productivity indices for different fish products derived
from average value added, labor, and capital costs in 1975-77 
at the harvesting level ------------------------------------ 23



TABLES (con't.)

Page
15. Productivity indices for different fish products derived 

from average value added, labor, and capital costs in
1975-77 at the processing level ------------------------------ 24

16. Productivity indices for different fish products derived 
from average value added, labor, and capital costs in
1975-77 at the wholesale level ------------------------------  25

17. Productivity indices for different fish products derived from 
average value added, labor, and capital costs in 1975-77
at the retail level ------------------------------------------26

FIGURES

1. U.S. fish prices and market margins at different marketing
levels, 1972-77 ---------------------------------------------- 3-4



1

ABSTRACT

Each price margin of a fish product comprises cost and pro
fits that are analyzed to estimate value added for the purpose 
of comparing economic contributions and productivities between 
sectors of each fishery and among fisheries. Costs are also re
grouped to distinguish fixed from variable to assess the effect 
on profit, price, and production as a result of the alteration 
of cost structures.

PURPOSE OF THE STUDY

This paper provides information that will benefit the fishing 
industry at different functional levels in its policy decisions 
on production scale and price levels in a competitive market, and 
helps fishery authorities to analyze the economic impact of a 
fishery after management control or a development program is 
implemented.
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PRICE MARGINS OF FISHERY PRODUCTS

For a fishery product, the price spread is the difference 
between the price paid for the final product by the consumer and 
the dockside value of an equivalent weight of the product. (If 
the final product is in fillet form, the exvessel price should 
be converted to a comparable value on a fillet-weight basis.)
This difference includes payments received by all agents perform
ing services in landing and moving fishery products from dock- 
side to consumers. These agents are distinguished to form the 
four functional levels, namely, harvesting, processing, whole
saling, and retailing. Each fishery product handled at any of 
these levels has a selling price and a purchase price (or the 
cost of merchandise). Their difference is the price margin or 
gross earnings of the product at the particular level.

To find the margins of a price spread, prices are collected 
for 13 major fishery products at the four functional levels 
(fig. 1). More than 60 percent of fishery products consumed in 
this country are imported, and they are mostly frozen and processed, 
and priced differently from comparable domestic fresh products.
To prevent an undistorted measurement of price margins of domestic 
products, this study concerns prices of only fresh fish and canned 
fish, except for a few instances where domestic products are also 
processed in frozen forms, such as halibut steaks and ocean perch 
fillets.

For the period 1972-77 covered by this study, labor costs 
increased more rapidly during the later part; costs of paper pro
ducts and packing materials were just the reverse. Cost of 
energy almost doubled in the early years and more than tripled 
at the end of the period compared with 1972. The increased 
charges of these major items of expense affected the cost and 
profit structures of most fisheries at the harvesting and pro
cessing levels more adversely than those at the two marketing 
levels.

Price control during the early period stabilized fishery 
prices somewhat at the processing and distributing levels. Prices 
at the harvesting sector, which is considered one of the primary 
food production industries were not subject to controls. As a 
result, exvessel prices went up more actively during 1972-73 than 
previous years. After a period of readjustment, many fisheries 
held their exvessel prices in line and others eased their prices 
in 1974 with increased landings.

Two devaluations of the U.S. dollar in 1973 caused price 
rises of imported fishery products, which have continued to de
cline in volume since 1974. Domestic landings kept up their 
pace, but exvessel prices of most fisheries continued to rise
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Figure L.—U.S. fish prices and market margins at different marketing Levels, 1972-77
(to be continued)-
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Figure 1.—U.S. fish prices and market margins at different marketing levels, 1972-77
(continued)•
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after 1974. However, prices at dockside of Atlantic cod, haddock, 
trolled salmon, Gulf shrimp, and Atlantic sea scallop were off in 
1977. Prices of these fishery products at other levels thus are 
lowered to some extent.

COST ANALYSES OF PRICE MARGINS

A host of cost items together with profit or loss constitute 
the price margin of each functional (production or distribution) 
level. Each cost item represents one kind of materials purchased 
or services hired at each level. A variety of costs are involved 
in getting fish products from dockside to the retail market.
Costs at any functional level can be analyzed by grouping them 
in different ways to suit the purposes of different studies—
(1) to trace the distribution of a consumer's dollar spent for 
any fish product, (2) to measure the contribution to the economy 
by each fishery at each level, and (3) to assist management on 
policy decisions in production (or sales) and pricing.

Our cost data for different fisheries at the four functional 
levels were compiled on a nationwide basis from public and 
private sources in 1972; some data are from 1974. They are 
presented and rearranged in tables 1 to 3; value-added items are 
separated from material and service costs. The footnotes for 
each table detail the sources of data separately. From these 
basic cost tables, detailed cost items are derived for different 
fisheries at different functional levels, adjusted by regional 
data from Census.

To bring the collected cost data up to 1977 (annual data for 
1978 are not available during the writing of this report) , a 
composite cost index is needed at each functional level for each 
fishery for such an adjustment. In fact, with the composite 
cost index we can calculate the costs for any particular year 
we desire for comparison purposes. With 1 year's actual data a 
complete set of cost data is derived for every year from 1972 to 
1977 for 13 major fisheries including 18 fishery products for 
four functional levels. (Price indices and wage rates of fishery 
cost inputs, and calculated composite cost indices for different 
fisheries, 1972-77, are shown in tables 4-6. Detailed cost rates 
for all fisheries at different production and marketing levels 
for the same period are shown in 96 tables in the appendix.)
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Table 2. -- Cost rates, as percentages of gross earnings (margin), at processing
and wholesale levels, 1972

Cost items Fish -yj 
packaging"^

Fish jj 
canning"^

Wholesalers for 
groceries andp/ 

related products-^

Gross earnings 100.00 100.00 100.00

Materials & supplies : 27-15 28.20 11.18

a. Paper & paper board
b. Metal containers

4.05
.76

2.06
7.56

--

c. Ingredients & containers
d. Misc. materials

11.96
8.93

10.52
6.29

--
7.10

e. Electricity
f. Fuel oil

• 95
.50

.78
• 99

--

g. Office supplies 4.08

Services hired: 15.10 10.71 36.65
a. Transportation
b. Other services

--

15.10
—

10.71
19.74
16.91

Value added: 57. u 61.10 52.17
a. 
b. 

Wages
Salaries

19.00
7.03

21.90
7.23

11.32
5.13

c. 
d. 

Capital costs
Rent

17.23
3.27

16.50
3.43

5.66
2.24

e. Taxes 3.74 4.23 3.36
f. Net profit 7.47 7.81 24.47

1J Statistical data from 1972 Census of Manufactures : Miscellaneous foods 
& Kindred Products, Department of Commerce, published in April 1975*

2/ From income & expense data for proprietorship wholesalers, Statistics 
of Income. 1972, Internal Revenue Service, published October 1974.

Note: Costs and returns at the processing level are detailed nationwide averages
from the Census of Manufactures. Those for different fisheries are based 
on the national averages and adjusted by data of the census from geo
graphic areas (by State) which provide some important cost figures. For 
example, fish. canning cost census from Alaska would be mostly for 
salmon; that from California, for tuna; that from Maine, for sardines; 
etc. A complete series of cost tables for different fisheries for the 
period 1972-77 is prepared by using fishery composite cost indices.
They are available in the Economic Analysis Group, NMFS.
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Table 3. -- Cost rates, as percentages of gross earnings, at the retail level,

1973 and 1974

Cost items
Super 
food 1/ 
markets

Super
markets 

2/

Grocery 
stores 3/ 
(partner
ships )

Retail 
food 4/ 
stores

Meat
markets
y

Meat
markets
6/

Fish
markets
1/

Gross earnings 
(=margin)

Materials & supplies:

100.00

6.22

100.00

LJ2
100.00

7.06

100.00

9-27

100.00

7.11

100.00

12.75

100.00

11.24
a. Energy

(electricity;£/ 3.82 4.40
b. Office supplies 1.58 2.33 2.04 1.63 1.87 }8.93 2.30
c. Misc. materials 4.64 5.56 9.02 3.64 9.24 4.54

Services hired 9/ 12.83 16.33 16.06 1 11.58 16.52 14.34

Value added: 80-99 79.78 76.88 79,rj4 &L31 70.72 74.42
a. 
b. 

Wages
Salaries

-98
46.12 >90.66

3-64
29.17

1.30
32.86

.68
37.10

13.91*
39.57** 

14.49*
38.95**

c. Interest • 33 .67 1.82 • 94 .4i .82 .85
d. Depreciation 4.09 9.00 4.97 4.07 3.19 2.80 2.90
e. Rent 5.40 7.78 5.68 6.26 7.29 4.06 3.05
f. Taxes 3-55 3.78 8.77 4.40 3.91 3.86 4.00 .
g. Net profit 20.47 7-89 22.83 29.71 28.72 5.70 10.18

l/ National average of small-size supermarkets with annual sales of $500,000 to 
$100,000 from the Barometer of Small Business, published by the Accounting 
Corporation of America, 1973*

2j Financial statements of supermarkets with multiple stores with annual sales of 
$20 million to $100 million from the Operations Review, published by the 
Super Market Institute, Chicago, 1973.

3/ Business Income Tax Returns, Statistics of Income, 1972, Internal Revenue 
Service, Oct. 1974.

4/ National average of combined food stores from the Barometer of Small Business, 
1973.

3/ National average of meat markets with annual sales of $50,000 to $100,000 
from the Barometer of Small Business, 1973.

6/ Developed by Case & Co. under contract to the National Association of Food 
Chains. Figures are re-arranged and presented in percentage form. See 
Marketing and Transportation Situation, published by Economic Research 
Service, Department of Agriculture, 1974, P* 27.

’jJ Derived from meat market cost-earnings data used by Department of Agriculture 
by adjusting figures for materials and supplies, wages, and rent.

8/ Electricity for refrigeration to preserve fresh & frozen fish products.
2/ Includes insurance, legal fees, transportation, repairing, telephone, 

telegraph, postage, store cleaning, etc.
* Direct labor.
** General and departmental labor.
NOTE: Cost rates of different fish products at the retail level for a complete 

series from 1972 to 77 are shown in Appendix tables 71-83 for value 
added clasification, and 84-96 for variable/fixed costs.
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Table 4. --Price indices and wage rates of inputs used by fish 
production and marketing firms, 1972-77 (1972 = 100)

1973 1974 1975 1976 1977

Percent

Wholesale price indices-^:

Animal fats and oils
Misc. processed foods
Crude petroleum
Electric power
Gas fuels
Oil--lubricant
Tires and tubes
Paper
Paper board
Metal containers
General purpose machinery & equipment
Household appliances
Motor vehicles & equipment
Misc. products

180.8
107.4
110.1
106.4
111,0
109.1
102.0
104.0
109.1
104.5
103.8
100.8
101.0
104.5

257.2
138.2
186.1
134.2
142.2
237.0
122.2
127.8
144.3
127.8
123.5
109.6
109.5
116.1

166.0
159.1
215.9
159.2
189.9
228.2
135.9
148.7
161.4
149.1
145.8
122.9
122.5
128.9

165.0
157.2
222.8
170.9
251.4
228.9
147.9
156.7
167.1
156.9
155.0
129.3
130.3
160.3

209.6
165.6
240.9
191.7
340.0
305.9
155.4
167.1
167.3
169.3
164.8
134.7
138.7
143.5

2 /Consumer price indices—' :

Rent
Services less rent—'
Interest rate (short-term bank loans—'

104.3
104.3
142.6

109.2
114.9
193.8

115.2
126.5
148.6

121.4
132.7
129.9

128.8
148.3
132.8

Wage rates (hourly)—
Food processing labor
Food wholesaling labor
Meat & vegetable retailing labor
Service industry labor
Eating places labor

106.4
106.3
105.7
108.4
105.9

115.6
115.8
116.8
117.2
118.8

127.3
128.7
128.2
127.3
123.7

138.2
137.1
141.3
136.7
129.7

148.8
151.9
152.1
147.6
143.6

1/ Bureau of Labor Statistics (BLS) wholesale price index.
2/ BLS consumer price index serie.
3/ Services include insurance, traveling, telephone, telegraph, postage, office 

cleaning, medical care, etc.
4/ Federal Reserve Board .
5j BLS employment and earning reports .
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Table 5. .--Composite cost indices for U.S. fish canning plants for 
1975-79 with 1972 as the base year

1972 1975 1976 1977

Costs Cost
rate

Price
index

Cost
rates

Price
index

Cost
rates

Price 
ind ex

Cost
rates

% 1 % %

Value 
Raw 

of Shipment
materials purchased (fish)

100.00
-43.68

Gross earnings 56.32

Materials & supplies: 15.88 25.05 25.96 28.98

Fats & oil
Paper & paperboard
Metal containers
Ingredients & other 
Misc, supplies
Electricity
Fuel oil

materials

.89
1.15
4.26
5.04
3.54
.44
.56

1.660
1.551
1.491
1.591
1.600
1.592
1.899

1.48
1.78
6.35
8.02
5.66
.70

1.06

1.650
1.619
1.569
1.521
1.728
1.709
2.514

1.47
1.86
6.68
7.67
6.12
.75

1.41

2.096
1.672
1.693
1.656
1.947
1.917
3.400

1.87
1.92
7.21
8.35
6.89
.84

1.90

Service? hired: 6.03 1.265 7.63 1.327 8.00 1.483 8.94

Value added:
Wages
Salaries
Capital costs (depreciation)
Rent
Taxes
Net profit

34.41
12.34
4.07
9.29
1.93
2.38
4.40

36.78
1.273 15.71
1.273 5.18
1.472 13.67
1.152 2.22

38.25
1.382 17.05
1.382 5.62
1.425 13.24
1.214 2.34

40.73
1.488 18.36
1.488 6.06
1.488 13.82
1.288 2.49

Total without tax & profit 49.54 69.46 72.21 78.65

Composite index 100.00 140.21 145.76 158.76

NOTE: This table is an illustration of the calculation procedure of cost rates^of
different inputs of a fishery for the years other than the base year (1972), 
and also the method of compiling a composite index for the expenses incurred 
in a fishery at the processing level (canning).
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Table 6. --Composite cost indices for U.S. fisheries at the har
vesting, processing, and marketing levels, 1972-77 (1972 = 100)

1973 1974 1975 1976

Percent

Harvesting level: 1

Atlantic groundfish otter trawls
Pacific salmon trollers
Pacific halibut longliners
Tropical Pacific tuna purse seiners
Pacific salmon gillnetters
Atlantic sea herring purse seiners 
Gulf shrimp otter trawls
Chesapeake Bay blue crab boats
Atlantic sea scallop dredgers
Maine inshore American lobster boats

108.58
109.00
107.48
107.78
106.89

i/99.33
113.09
107.24
L/99.87
108.90

118.32
123.67

1/106.67
2/129.13

124.75
123.32

2/128.59
1/119.82
1/112.33

125.22

127.54
130.06
115.06
135.30
131.69
128.96
139.76
132.36
120.99
131.71

132.94
136.28
125.80
138.27
132.01
140.25
147.73
141.35
123.26
137.38

135.02
139.72
129.25
147.70
139.22
149.36
153.33
147.81
130.11
143.50

Processing level:

Fish canning
Fish packaging

107.06
105.48

122.35
119.16

140.21
133.81

145.76
139.14

158.76
147.33

Marketing level:

Wholesale
Retail
Eating places
Institutions

105.71
105.40
107.00
106.89

120.63
118.80
123.56
125.90

135.43
131.04
135.87
138.94

150.08
142.76
148.06
151.56

152.96
154.61
161.24
162.64

\/ Crewmen's share reduced as exvessel prices dropped that year. 
2/ Indices increased, abruptly because of high fuel prices.
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Value Added as a Measurement of Economic Contributions

In an economic system of increasing specialization in market
ing, the real contribution of the distribution functionaries such 
as wholesalers and retailers to the economy is becoming better 
understood. The elimination of such middlemen may not eliminate 
the economic functions that are essential nor necessarily reduce 
associated costs. The contribution of such middlemen could be 
measured in terms of "value added" by the distributor of each 
level, the same way the manufacturer's contributions are measured.

The value of a product is created by the four factors of 
production: land, labor, capital, and management. Each carries 
a price tag. The total price paid to these factors adds value 
to the product according to the functions and services they 
performed. The distributors as well as the manufacturers pay 
rent for land and buildings, pay wages and salaries for labor, 
pay interest and write off depreciation as capital expenses, 
and pay taxes to the government for protection and dividends to 
the stockholders or owners as reward for investment. These 
contributions to the economy are derived or created by the four 
production factors at each level of production and distribution 
and summed up under the title "value added." That is, each 
level from extracting or harvesting through retailing has added 
some value to the product.

The value added of a product by one producer or distributor 
is, therefore, the difference between the selling price and the 
costs of raw materials, indirect materials, and purchased 
services. The total of the last three groups of cost items is 
the value created by and purchased from other sectors. These 
purchased materials and services are "value transferred" from 
other industries or sectors to be- distinguished from "value added" 
created by its own sector in order to avoid duplications. Value 
added is, therefore, a measure of what each functional level of 
an industry contributes to the economy by its production factors 
in the form of gross national product (GNP), or gross regional 
product (GRP) if the study is confined to a local economy.

The estimate of value added at each functional level provides 
a yardstick to compare the economic contributions of any industry 
with those of another and those among different levels within the 
same industry on a nonduplicative basis.

In the cost analysis of this study, one of the methods of 
classification is based on the concept of value added. For the 
convenience of application of the original data collected for each 
fishery at each functional level, the components of value added 
are converted to relative values as percentages of sales.- The 
total of these percentages is the value-added rate of a fishery 
at a particular level. Sales values of the 18 major fisheries
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at seven functional levels are calculated in a report on market
ing bill studies (Penn, 1980). The sales value of a fish pro
duct at each of the seven levels times the value-added rate of 
the product at that level is the contribution to the national 
economy by the fishery expressed as the gross national product
(GNP) (tables 7-12) •

In 1977, at the harvesting level, the shrimp fishery con
tributed the most to the national economy in terms of gross 
national product ($207 million) followed by the salmon fishery 
($164 million), the tuna fishery ($95 million), and the ground- 
fish fishery ($64 million) (table 7).

When the annual contributions of all the domestically pro
duced and imported fishery products in 1975-77 are added for 
each functional level, eating places provided 42.86 percent; 
processing and processing/wholesale, 25.10 percent; harvesting, 
16.21 percent; retail, 9.86 percent; wholesale, 4.03 percent; 
and institutions, 1.94 percent of the total contribution toward 
the GNP (table 13). An individual fishery product may not 
follow that order, because different pricing and profitmaking 
strategies are practiced by management at different functional 
levels of a fishery under nonidentical supply and demand situa
tions and varying competitive positions.

Although the sales values at the processing and the process
ing/wholesale levels were much higher than those at the harvesting 
level in past years, fish harvesting contributed more to the 
national economy than the other two levels. Apparently more 
services were performed by labor and capital on the vessel In 
getting fish to the shore than the services performed in process
ing the products (table 13).

At the consumer market level, the food service industry sold 
more fishery products than retail stores in 1977 by 7 to 3 and 
contributed about four times as much to GNP (table 13). This is 
conceivable, because greater quantities of fish were handled by 
the food service industry and more labor, capital, and management 
were required to transform fish to edible form and taste as well 
as serve them in proper premises than the limited space needed 
and simple services performed by retailers. i
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Value Added as A Measurement of Productivity

The various costs under the value-added category can also 
be used to analyze the effectiveness of industrial management 
among different fisheries or among various functional levels 
within the same fishery. Effectiveness of management is better 
known as productivity that measures the efficiency of using the 
facilities of production or production factors. Therefore, pro
ductivity is the output per unit of productive effort. This 
report deals with the value of output instead of physical units. 
The value of production or sales is not the true value of output, 
since part of this value is transferred from other sectors as 
discussed before. Value added is the real creation of an industry 
and, therefore, is considered as the true value of output 
(Buzzel, 1959). Inputs include the functions and services 
performed by labor, capital, land, and management. The costs of 
these services are listed in this study as wages, salaries, 
interest, depreciation, rent, taxes, and profit.

Although the four production factors are all considered as 
inputs, productivity is usually related to two of the factors— 
labor and capital—expressed as output/labor and output/capital 
ratios. By using value added as the real output, the input of 
labor should also be expressed in value terms, wages, instead 
of physical units, worker-hours, in order to be comparable. 
Industrial wages are paid on a hourly or weekly basis, but fish
ermen are paid on a sharing basis according to their catch. 
Therefore, idle time and unproductive hours are ruled out. When 
the output or value added at a certain functional level of a 
fishery is expressed as a ratio of the input of labor in wages 
within the same period, productivity of labor in value terms at 
that level can be estimated. In value terms, it can be inter
preted as the real value of output per dollar of productive 
wages spent. The productivity indices so calculated can be used 
to compare productivities among fisheries at the same functional 
level and between functional levels within each fishery. They 
can be used to compare the same with other industries if the pro
ductivity estimates of the latter are also calculated from the 
value-added approach in value terms.

The input of capital in this study is not investment, 
accurate information of which is not available, but capital costs 
in terms of interest and depreciation. Interest and depreciation 
are related to the size of investment. They can be used not to 
measure productivity of capital, but to compare the degree of 
capital intensiveness among different fisheries and functional 
levels. Such comparisons may not be made between distant periods 
unless inputs and outputs are carefully adjusted to constant 
values and no technological changes are envisioned. Capital 
intensity of a fishery at certain functional levels is calculated 
by expressing capital costs as a ratio of value added at that
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level. The result of such calculation is an alternative inter
pretation of capital-output relations if we want to make the best 
use out of a set of limited available data.

Tables 14 to 17 show capital intensity and labor productivity 
indices for each functional level of different fish products. 
Capital intensity appears to be highest in processing and lowest 
in retailing for all fisheries. Compared with other fisheries 
at the harvesting level, New England sea scallop, California tuna, 
and Gulf shrimp fishing ranked high and Pacific halibut fishing 
ranked low in capital expenditures. Apparently it is more ex
pensive to operate purse seiners and trawlers than longliners.

Higher labor productivity for processing than for harvesting 
indicates that processing plants use comparatively more automation. 
Low labor productivity in retail stores implies that many workers 
handle small quantities of products, whereas in wholesale stores 
fewer workers handle big quantities. Labor productivity at retail 
is exceptionally high for canned products, because they are shelved 
and not attended by salesmen. By the same token, higher labor 
productivity is indicated for frozen than for fresh products 
(tables 14-17).

COST-PRICE-VOLUME RELATION

Production Level

Both harvesting and processing (of fishery products) are 
performing the functions of production. The processor is chosen 
here as an example to study the cost-price-volume relationship. 
The same procedure will apply to the study of harvesting. Volume 
in this case means the quantity of production. Costs will vary 
with the volume of production in gradual proportion only when 
the variable costs are sorted out from the fixed. Fixed costs 
usually don't change as volume changes. Volume multiplied by 
price will give total revenue, which will eventually be affected 
by the change in variable costs over time with the change in the 
size of a firm.

During expansion, as inputs (costs) increase, revenue will 
increase at a faster rate at first and continue to increase but 
at a slower rate till it reaches the point of diminishing returns. 
During contraction, total revenue will decline faster than the 
decline in total costs after a certain point is reached, because 
fixed costs will not change when production and revenue continue 
to drop. There are break-even points at the upper and lower ends 
of a revenue curve and a maximum profit point in between.
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TJ

 
 
 

  
  
 
  
 
 
  
  
  

 
 
 

Q̂H
W
••

>
olH

4-

D
tul
cd
^
T3
0)T3
^Cd
»01

cd
U
Q)

oe
cd

'■a
aa>
c

•H

oo
U)

cd

cn

 

 

 
 

rO

l

 

 

a

05

 

 

  

 

  
 
 



Ta
bl

e 
16
 .
—P

ro
du

ct
iv

it
y 

in
di

ce
s 

fo
r 

di
ff

er
en

t 
 

 
 

 
 

 
an
d 

ca
pi

ta
l 

co
st

s 
in
 1

97
5-

77
 a

t 
th
e fi

sh
pr

od
uc

 ts
de

ri
ve

d
fr

om
av

er
ag

e
va

lu
e-

ad
de

d,
la
bo
r 

wh
ol

es
al

e
le
ve
l

25

CO 4J
4J 4J CU /-“N P o LT> m o CO CO o 00
•r-l 03 4-1 CO voai CM CM oo m CO o r>«
a o CO V-/ o
co u u p
o 0)

cu

U CM Ov <*■ 04 vO 1“1 CM co COCO 00O 4J (U 04 CM VO 00 CO m vO >—l
• • « 1 1 • oXi 03 4-> CM 0mom CM CM P>. r—1 <fr co CM CM

hJ a m

1
lo

bs
te

r_
__

__
__

__
J__

__
_
19
.5
1_
__

__
__

__
__

_
7.

20
__

__
__

__
__

__
2.

73
__

__
__

 
a» t3 00 CM 04 00 CO CM CM 0000 r—1CU ✓~s r—l VO 04P <U o r^. CO n*
r-l T) U r-l • e • 1 •! 3co T3 co w VO CO CO i—1 CM r—l 1—1«—-1 —1> -<0 u 1 CM r—l

x: 03 -P XI -p • Xi TJ CM|co 4-J 03 03 03 03 i—• 03 cu •
<U <U <U (U 4J <u •r-l <U 03 P 4J cm") nj (U co P
u r—l P p CU p U-l P 03 e P co CU p cu 03 (U

«4-l r-l U-l U-l r—l U-l U-l CU CO CO <U nj r—4 r—4 03 4-J E
•i-l 03 1—1 XI CO N CU O H (U P -a (U x> CO <

T3 U-4 TD 4-1 ro •r-4 T3 o no CU O 4J c 0 CU CU TO cu
4-1 P 0 <U c U-l c p P 4-J p 03 CO • p B c a- cu 4-J P e cuO CO p <0 r—l co CO cu P 03 U-l •r4 4-1 CO r-4 p 03 CO CO >P r—l ai 1—1 r—l r—l r—l cu 0 4J c OO O CO CO <U 3 CO CU i—4 a -r-4
"O 00 T3 00 •rl 00 o 00 CO c a P P r-4 03 a P CO a- (U 6 00 O 1-4O p c c U-l p o c c o •r4 X o 1 CO •r-l P B cu p i—1
U w p w w TO U4 co 4-J H U-l •r4 U-l CO cu T3 •i-l CO XI w 1—1 <u

o T? TO (U <U i—4 •r-l i—1 •r-l P 03 P P P U-4 p 03 co CO P3 r—l 3 O CO £ o 00 CO U co r—l P CO •r4 •r4 CO r—4 -p CU *-4 3 O *.-4
<u U-l cu U <u x: CU o 3 03 CO XI CO 4-1 r—4 04 CO 03 P 03 x: u <u 03 CO

53 z 53 53 (Ij CP o <C 2 o u z S3

M > o CO m T—1 vO o o
o -r4 CO o CO Mt- CM 00 O CM OV

X> 4J T—1cm CM CO m O r- Ov COo CM CO o CM m <t r—1 vO av3 • • • 0 • 0p 0 0 •
T3 CO CO r—1 r—1 CM VO o vOOMa

2.
70

97
 

«-4 4J 
CO *r4 CM «—i r*» co m CM m 00
4-J 03 oo vo 1-4 o oo r—l CT\ CMp cn <j- co m vO ina cu r-4 O CM T—4 O in oco -u rn
O P

.1
39
9

1/
 P

er
ce

nt
ag

e 
of
 s

al
es
.

2/
 P

ro
ce

ss
in

g 
an
d 

wh
ol

es
al

e 
co

mb
in

ed
.(

Se
e 

pr
oc

es
si

ng
 t

ab
le
.)

NO
TE
: V

al
ue

-a
dd

ed
 r

at
es

 a
re

 f
ro

m 
ap

pe
nd

ix
 c

os
t 

ta
bl

es
 4

9-
59

 -



Ta
bl

e 
17

.-
-P

ro
du

ct
iv

it
y 

in
di

ce
s 

fo
r 

di
ff

er
en

t 
fi
sh
 p

ro
du

ct
s 

de
ri

ve
d 

fr
om
 a

ve
ra

ge
 v

al
ue

-a
dd

ed
, 

la
bo
r,
 

an
d  

ca
pi

ta
l 

co
st

s 
in
 1

97
5-

77
 a

t 
th
e re

ta
il

 leve
l

sc
al

lo
p CJ CO Li 03 i—4 03 03 CD 3 CO MM •r4 4-1 03 i—i G CO 0> 03

G r—4 CD r—4 r—1 r—4 x r—4 CL O 4-» c 00 CJ 03 03 07 ? 03 07 r—4
X 00 TO 00 •rM 00 O 00 CO G CJ G u r—1 CO CJ C 03 CL CD e 00o c c G MM c o c c O •rM X o 1 03 •rM Li u a G
u w G w w XJ w 03 4-1 td Mm •iM mm 03 07 X •rM 03 rG W
& O X) X) 07 CD r—4 •iM r—4 •H C CO G C }M MM u CO 03

» i—i s O !* 03 CJ 00 03 CJ 03 r—4 G 03 •rM •rM 03 r-M X 07 U s
(D mm <D O (D X CD O G CO 03 X 03 4-» r—M CL 03 CO G CO X O 07

52 55 25 25 P-4 P-4 O < X O O z

me
at

s 

X CO X X x • X X
10 4-1 CO CO CO CO i-M CO CD
CD CD CD CD 4-J CD •H CD CO C 4-1 X 07 03
U i—i L4 CD V4 MM Li CO G c 03 CD G 07

14-1 r—I Mm M-4 r-M MM MM CD 03 03 07 X r—4 t—i CO
•rM CO v—4 XI 03 N CD CJ Id 07 G X 07 X

X) mm X 4-1 X •rM X u X CD O 4-1 C O 07 07 X
4-1 c C CD c MM G M G 4-1 U CO 03 • G y G CL 07 4-1 C

27
.1

1 1
1 n- m o CO CO o CO CM CM m oo

CD X 1 o r- T—1 ON i^. 00 m r^ CO
G CD 07 /—n i 0 o • o 0 •

r—1 X 4-7 i—I 1 vo r>» 00 CO vO CO vO o
CO X co 'w' CM CM 1—1 CM I—I r—1 CM CM
> ■03 u

1
!

ON 00 i—1 oo vD ON CM r—1 O CM ON
Jm T—1 ON ON ON ON r-M vO CO CO
o 4J CD *
X CO 4-7 CM ON ON o CM vO 00 ON ON 00 CM

CO o CO 10
.5
7 

X CJ M

c0 4-J CM CO vo on o oo 00
4-1 4-1 CD /-s c o m r^. oo r- co o
•rM CO U CO 07
CL O CO w CJ
CO O U u
o 07

.8
8 

oo O CO I—1 I—1 CO o ONm > vD r^- ON m CO r—1 vO CMo  -4 CO CO m 00 in vO 00 r—4 o m CO
4J  CM 00 CO vD »—i CM 00 CO ON in CM 00

CO CJ • !•
h-l 3 CM CM r—1 CM t—1 r—1 CM r-M

X O
CL

2.
56

48
 

r-M 4J vO ON CO CM CM m CO ON ON
03 -rM m in o vD in o VO 00 n-4J CO VO CM m CO O vO CM 1—1 vO ONC o o o O O o o O o o o
CL Qj •1* • • • • • O 0 O ° ° •CO 4J cn

CJ G o

.0
32
5

Ma
in

e 
li
ve
 A

me
r.

lo
bs

te
r 

22
.2

9 
13
.2
7 

1.
11
 

1.
67
97
 

.0
49
8

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_
_

_
__

__
__

__
__

_
_

__
__

__
__

__
__

__
__

__
__

__
_

1.
/ P

er
ce

nt
ag

e 
of
 s

al
es
.

NO
TE
: V

al
ue

-a
dd

ed
 r

at
es

 a
re

 f
ro

m 
ap

pe
nd

ix
 c

os
t 

ta
bl

es
 7

1-
83
 •

26



27

To determine the maximum profit and the upper end break-even 
point requires historical data of prices and costs, which assume 
different rates of change during the course of expansion for an 
individual firm. Because of lack of historical data of cost 
changes of an individual firm, it is impossible to demonstrate 
the procedure of profit maximization in a static situation.
However, we still can avail ourselves to put data of limited 
time series to use for current estimates, such as the determina
tion of the lowest limit of production below which a firm will 
not be able to make profit at the present cost and demand situa
tion, and the decision of its pricing policy if everything else 
is unchanged. Such estimates are not for long-range projections 
but useful for near-term policy decisions.

a. Break-even Point — The break-even point is the production 
(or sales) level where the total revenue equals total costs with 
no return in the form of profit (Slavin et al., 1968). In a 
situation where no change in the size of a firm is expected and 
variable costs maintain the same ratio with production or sales, 
it is possible to determine the break-even point at the lower 
end of the revenue curve under existing conditions. Let's take 
as an example the processing of fresh flounder fillets. Given a 
New Bedford plant with a 1977 production of 2 million pounds (Qp) 
of fresh flounder fillets and other information as follows:

Processor's price (1977) = 177.80 q/lb = P ......................  1r
Variable costs were 81.03% of sales (from appendix table 38).
0.08103 x 177.8 ** 144.67 q/lb = average variable costs = AVC. ... 2

Fixed costs were 12.77% of sales (same table mentioned above)
0.1277 x 177.8 = 22.71 q/lb = average fixed costs = AFC. ... 3

Profit rates was 6.19% of sales (same table mentioned above)
0.0619 x 177.8 - 11.01 q/lb = r .... 4

When the above average values are multiplied by the quantity (Q ) of 
production (2 million lb), the following total values are obtained:

Total revenue (TR = P_r  x Q„r = $3,556,000
Variable costs (VC) = AVC x Q - $2,881,400r
Fixed costs (FC) = AFC x Q = $ 454,200

r
Profit (II) = r x Qf = $ 220,200

To find the break-even point we have to equate TR = TC = FC 4- VC.
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II
To find the right production level, let Pp = new price, Q Fthe production level, then

Pp . Qp = FC + AVC . Qp + r
II II

1.678 = 454,200 + 1.4407 Q_, + 220,200r rF

The processor has to increase his production by 842,000 pounds to 
maintain the same profit.

Additional revenue _ 4,768,829 - 3,556,000 _ 1,212,829 Marginal revenue = Additional units " 2,841,972 - 2,000,000 ~ 841,972
1.4406, the same value for the marginal cost.

When MR = MC, the same profit will remain.

Management's pricing actions have a direct effect on profits, 
but this may not necessarily result in favorable terms if other 
conditions are not carefully considered at the same time. It is 
especially difficult and risky for small businesses to initiate 
intelligent price changes as a form of competition. Competition 
today takes the form of better customer service, effective pro
motion, and product quality improvement (Management Services 
Technical Study, 1965).

Distribution Level

Wholesalers and retailers perform distribution functions. 
Certain operating costs at the distribution level are intended to 
stimulate product demand. Demand-creating costs include expenses 
like salesmen's salaries, advertising, promotions, and entertain
ment. They are classified under the fixed cost category. Other 
expenses such as commissions, premiums, trading stamps, samples, 
and discount allowances are classified as variable costs.

a. Change in Fixed Costs — To increase fixed marketing costs 
may affect the quantity of sales. How could this be achieved to 
increase profit without changing the price? One way would be to 
increase advertising expenditures with the prospect that the 
increase in sales volume could compensate more than the additional 
costs involved.

To use canned sardines for an illustration, let's assume that 
a supermarket has sold 40,000 cans of sardines in 1977 with the 
following given information:
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PpQp = FC + AVC x Qp

Substituting:

1.778 Qp = 454,200 + 1.4407
0.3373 q' = 454,200

r
q' = 1,346,576 lb

r

The lowest quantity to be produced without loss to the processor 
is 1.35 million pounds. This is the break-even point. Knowledge of 
this point can help management foresee the lower limit of produc
tion and consider ahead of time the alternative action of lowering 
variable costs at the expense of fixed costs, or preventing the 
occurrence of a possible loss.

Break-even analysis is, however, a static measure of a dynamic 
process. It presents a picture of the cost and price structure 
of a firm at a given point in time, but may not be true for future 
projection. It is also difficult to determine for a firm with 
multiple products.

b. Price-Volume Relation — In a competitive market any race 
to reduce the price so as to sell more and still be able to keep 
the same profit will be a healthy sign to the economy. In the 
above example of fresh flounder fillets, let's reduce the processor's 
price by 10 cents to $1,678 a pound. How much should the processor 
increase his production to maintain the same $220,200 level of 
profit? First, let's make a trial and error attempt to see whether 
an increase of 600,000 pounds will serve the purpose. A marginal 
analysis will test whether the same profit could be retained, i.e., 
if the new marginal revenue (MR) will equal the marginal cost (MC).

With a new price and a new production level, the additional 
revenue will be $806,800:

Old revenue = 1.778 x 2,000,000 = $3,556,000 
New revenue = 1.678 x 2,600,000 = 4,362,800 

Additional revenue = 806,800

The new marginal revenue will be Tqq’qqq = $1.3447, which is 
smaller than the marginal cost (=AVC) ot $1.4407. The increase 
in revenue per unit will not cover the increase in cost per unit. 
Therefore, the increase in sales of 600,000 pounds, or 30 percent, 
will not be big enough to make the same profit.
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Retail price per can of 1-lb size = 138.40 c/can in 1977 
Variable costs were 86.37% of sales.(See appendix table 92) 
$1,384 x 0.8637 = $1.1954/can = AVC 

Fixed costs were 7.04% of sales ( " " " )
$1,384 x 0.0704 = 0.974/can = AFC

Profit rate was 6.59% of sales ( " " " )
$1,384 x 0.0659 = 0.09121/can = r

We get

VC = 1.1954 x 40,000 = 47,816 
FC = 0.0974 x 40,000 = 3,896
TC = 51,712
r = 0.0912 x 40,000 = 3,648

Suppose this store spent $1,200 for advertising (C^ a fixed 
cost)that resulted in expanded sales of sardines (Q') at regular
price of 138.40 c/can (P ). To solve for Q :s s

TR = TC + C. + r = FC + C4 + AVC x Q + r , A A , s
1.384Q = 3.896 + 1,200 + 1.1954Q + 3,648s s
Q* = -8744- ■■ = 46,362.7ws 0.1886

This store would have to sell 6,363 cans more to recover 
the cost spent in the advertising campaign. Additional sales 
over this quantity will result in higher profit earned. To 
increase profit by 5 percent (1.05 x 3,648 = 3,830.4), the 
retailer would have to be able to sell 967 cans more in addition 
892 6(_ = 47,329.8). Management should not initiate such aU.1OOO

campaign unless it is sure that the extra sales can be generated.

The estimation of the break-even point would be more 
reliable if no abrupt changes are expected in the intermediate 
term of the market outlook. The break-even point after the 
increase of such a fixed cost (advertising) would be at a sales 
level as low as 27,020 cans, calculated from the equation:
1 .384Qg = 3,896 + 1,200 + 1.194Qg

b. Change in Variable Cost — A proposal to give the 
customers trading stamps at 2 percent of sales will increase 
the variable costs rate from 86.37 percent to 88.09 percent or 
$1.2191/can instead of $1.1954/can assuming there is no change 
in price. To find how much the increase in the volume of sales 
(Q.) would be to assure the same profit,

I II

1.384Q = 3,896 = 1.2191Q + 3,648s s
q" = 7,544 / 0.1649 = 45,749 cans
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If it were to make the same profit, this store should have sold 
5,749 more cans in 1977, to offset the cost of the trading stamps. 
The cost of this program appears to be about the same as that of 
the advertising campaign, because the value of trading stamps 
offered would be about $1,240 if sales reached 45,000 cans. But 
the effect came out much differently. By offering trading stamps, 
it is possible to reduce the break-even point to below that 
engendered by the advertising program. The former involves less 
risks, because it increases the variable costs rather than the 
fixed costs (Wright, 1962). On the other hand, the store would 
have to sell less in quantity under the trading stamp program 
to make the same profit as it had before the initiation of the 
program.

Trade-offs of Fixed and Variable Costs

Another way of improving the efficiency of demand-creating 
expenditures is to change the functions of fixed and variable 
costs to assume different forms of expenditures. For instance, 
the plant processing flounder fillets in New Bedford may consider 
the advisability of establishing a branch office in New York City 
as a sales office instead of selling its products through whole
sale distributors. Let's assume that running a branch office 
would cost an annual fixed cost of $80,000 and an additional 
variable cost of 23.25 cents/pound sold (based on cost ratios 
at the wholesale level: VC = 80.52 percent, FC = 10.13 percent, 
and profit = 9.35 percent of sales, and the given wholesale price 
of $2.41751/lb and processing price of $1.778/lb). Also assume 
that the plant's branch office sells its products at $2,078 a 
pound — 30 cents higher than the price at the door of the pro
cessing plant, but 33.95 cents a pound cheaper than the whole
sale price quoted at New York. What would be the price-volume 
changes involved in this tradeoff deal?

Using the data provided in equations 1-4 on p. 27 (except that the 
quantity to be sold in New York will be 1 million pounds q|, half 
the presumed quantity produced in its New Bedford plant), we get:
AVC = 144.07q/lb, AFC = 22.71q/lb, profit rate (r) = ll.Olq/lb, Now 
we have a new price (Pjp 207.80q/lb; and to the total fixed cost 
of $210,500 (FC ) in tne handling of 1 million pounds of flounder 
fillets in New York, we should add an extra fixed cost $80,000 
(FC2). Let's find out the actual quantity (Q^) needed to be 
sold to maintain the same profit.

Pp = FCj + AVC. Qp + r
2 078 O^ lVF = 210,500 + 80,000 + 1.6732 Q* + 194,000

nl _ 484,800S " 0.4048 ~ 1’197’628 lb
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To make the same profit, this branch office has to sell almost 
200,000 pounds more than 1 million pounds. If the branch office 
chooses to sell 1 million pounds as planned, it will make $80,000 
less in profit than it would if the processing plant were to 
continue to sell to New York through wholesalers, as evidenced 
by the following equation:

P Q = FC + FC + AVC.Q + r where Q = 1 million pounds r F 1 z r r
2,078,000 = 210,500 + 80,000 + 1,673,200 + r
r = 114,300 (194,300-114,300 = 80,000)

The branch office should figure out ahead of time what would
be the lowest possible sales before profit disappears. Without
profit, „ „

2,078 Q_ = 290,500 + 1,6732 Q r r
290,500 = QF 717,638 lb0.4048

720,000 pounds of flounder fillets would be the break-even point 
of sales for this branch office below which there will be no 
profit.

The efficient use of expenditures intended to stimulate 
product demand is a subject of increasing importance for manage
ment. The separation of cost elements within the price margin 
into fixed and variable will help management better understand 
how the change of any one will affect price, production, and 
profit differently. While direct pricing action is one form 
of competition, improvement of efficiency, and the reduction 
and rearrangement of costs are even more important in their 
effects on the size of profit, volume of production, and the 
size of price margin of one level and possibly that of the 
next level. The hypothetical examples given in this study 
illustrate the interrelations of the above factors and the 
effects of the restructure of their combination.

t •
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