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Introduction

Since the passage of the Fisheries
Conservation and Management Act of
1976, the New England fishing industry
has experienced a substantial revitaliza­
tion. Maine, perhaps even more than the
rest of New England, has rapidly expand­
ed its harvesting and processing sectors.
This favorable environment has gener­
ated renewed interest in the impact of
fisheries on the local economy. In
Maine's case, the State has undertaken
pier construction and market develop­
ment activities based in part upon ex­
pected, but quantitatively unknown,
benefits to the State's economy. This
paper presents an input-output model
to estimate the impact of fisheries activ­
ities on the Maine economy.

Economic activity is a complicated
web of interdependent behavior. A
change in any part of the economy leads
to changes elsewhere. Consequently,
estimation of the ultimate total impact
of a change in marine harvesting or
processing requires measurement of the
changes that occur elsewhere in the
economy. In other words, the economic
importance of the fishing industry de­
pends upon the relationship of fishing to
the rest of the economy.

ABSTRACT-An input-output model of
Maine's economy, modified to include nine
fisheries sectors, was used to estimate the in­
creases in income induced per dollar ofsales
for each fisheries sector. Based on these
figures. it was estimated that Maine's 1980
landings, valued at $90 million, ultimately
generated $240 million in income in Maine.
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One technique available to obtain
these measurements is called input-out­
put analysis!. Input-output is basically a
massive accounting system which re­
cords the sales of each industry to every
other industry and to final consumers.
With the help of a computer program,

'For a very clear explanation of the mechanics
of input-output modelling, the reader is referred
to Miemyk (1965). Chapters 2 and 3 of Miernyk
thorougWy explain construction and application
of input-output models. Chapter 4 on regional
models is especially appropnate to the present
analysis. Dorfman et al. (1958, chapters 9,10) is
more mathematical, but discusses the underlying
assumptions more thoroughly.

this accounting system can be used to
trace the connections between aU indus­
tries in the economy.

In the last decade, regional input­
output models have been constructed
from census data gathered by the Feder­
al government. These models are now
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frequently used to analyze the impact of
government policies upon state econo­
mies. None of the existing models, how­
ever, contain detailed fisheries sectors.
Most often, fisheries are included with
forestry or agriculture. The present anal­
ysis modified one of these aggregated
models of Maine's economy to include
nine fisheries sectors. The model was
further modified to calculate income
flows, as well as transactions. This fisher­
ies-oriented model of Maine's economy
was then used to estimate income multi­
pliers for each fishing industry.

A Regional
Input-Output Approach

Input-output analysis provides a sim­
ple general equilibrium approach to
quantitative economic analysis. An in­
crease in the output of one sector in­
creases the demand for output in its
supplying industries, and in industries
which supply the suppliers, and so on.
Intuitively, an input-output model cal­
culates an infinite series of such supply­
ing relationships. For any set of desired
net outputs by an economy, the model
calculates the total production required
of each industry. Hence. it is called a
general equilibrium approach.

To obtain general equilibrium answers
with a minimum of data requirements,
input-output analysis depends upon very
strong technological assumptions. Each
unit of output (measured in dollars)
requires fixed proportions of inputs
from every other industry. For example,
one dollar's worth of steel might always
require five cents of iron ore, three cents
of coal, and so on. An economy could
satisfy this assumption if the following
were all true:

1) There is only one primary input,
usually labor.

2) The technology is homogenous of
degree one. This implies constant re­
turns to scale along all expansion paths.

3) The technology does not change.
4) Production of each output is sepa­

rable from production of all other prod­
ucts. This assumption rules out joint
products.

If there are two or more primary
inputs, the technology must be further
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restricted to a fixed coefficients produc­
tion function. The elasticity of technical
substitution is zero in this case. Either
set of assumptions can only be approxi­
mately true in a real economy. These
fixed coefficients are estimated from
actual transactions in a base year.

In a national input-output model with
no foreign sector, all demands are sup­
plied by industries within the national
economy. In a regional economy, sub­
stantial trading between the region and
the rest of the economy will occur. The
extent of this trading will determine
whether the economic benefit of in­
creased activity remains in the region or
flows out to the rest of the economy.
These flows in and out of the region
must be incorporated into a regional
model. For example. in the steel ex­
ample, a regional model must differen­
tiate between iron ore from within the
region and iron ore from the rest of the
economy.

This differentiation is based upon ac­
tual transactions in the base year. Prod­
ucts are divided into two classes: prod­
ucts which Maine imports on net, and
products which Maine exports on net.
For products which Maine imports, we
assumed the ratio of in-state production
to total demand to be constant. That is,
out-of-state sources provide a fixed per­
cent of total demand. This assumption is
consistent with the fixed coefflcients
approach of input-output models.

For products which Maine exports on
net, all in-state demands are met by
in-state production. All changes in de­
mand are absorbed by in- state suppliers.
Sales to out-of-state purchasers are ex­
ogenous, and do not change as in-state
economic activity changes.

For arbitrary changes in fisheries out­
puts, the input-output model of Maine's
economy will estimate the change in
output of every Maine industry. These
production estimates are often very use­
ful for planning decisions. However, the
present analysis is primarily concerned
with estimating the total impact of fish­
ing activities upon the economic welfare
of Maine citizens. Total output is not a
good indicator of economic welfare. A
large part of total output in Maine origi­
nates outside the State, and so does not
generate employment within the State.

Also, the percent of total value originat­
ing in-state varies from one sector to
another. For example, gasoline sales of
one dollar generate far less income in
Maine than equivalent sales of haircuts.
Therefore, we need a better measure of
welfare than total sales.

Input-output models can also gener­
ate estimates of changes in consumption
and income. As a measure of economic
welfare, either of these is preferable to
estimates of total production. That is
not to suggest that income or consump­
tion are perfect measures of welfare.
Estimates of changes in income or con­
sumption ignore many important aspects
of economic welfare. For example, re­
ductions in leisure, natural resource de­
pletion, and social disamenities are all
excluded from the monetary accounting
system. While there are techniques
which incorporate some of these factors
into input-output models. such refine­
ments are beyond the scope of the pres­
ent work.

The relevant choice here is whether
to approximate economic welfare by
consumption or by income. Taxes and
savings are the major differences be­
tween income and consumption. Savings
are usually a voluntary alternative to
consumption, and therefore must in­
crease individual welfare. Taxes support
government activities, and most people
would agree that these activities provide
at least some benefit to society. Con­
sumption probably understates econom­
ic welfare; income may err in the other
direction. If we are interested in relative
changes, the distinction is not important
anyway. Consumption and income in­
crease proportionately in a fixed coeffi­
cients input-output model. Economic
analyses, and especially those done for
economic development purposes, invar­
iably emphasize income, and we have
followed that convention.

Income within each industry is
measured by value added, which is the
difference between gross sales and total
purchased inputs. Value added as a
measure of state income has a weak­
ness. The percent of the value added
which flows to households outside the
state is unknown. We have assumed that
all value added remains within the State.
For labor income (which accounts for
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75-80 percent of personal income) this
assumption is quite reasonable. For pay­
ments to capital and natural resources,
however, this assumption is incorrect to
some unknown degree.

For analytic purposes, it is useful to
separate the income generated into
three categories:

1) The "direct effect" of income gen­
erated in the fishing industry;

2) the "indirect effect" of income gen­
erated by sales of goods and services to
the fishing industry; and

3) the "induced effects" which arise
when personal income generated direct­
ly and indirectly is respent.

To provide separate estimates of di­
rect, indirect, and induced income. two
closely related input-output models
were used. In the first, consumption
expenditures in-state were determined
exogenously. This is called an open
model. In an open model, increased
fishing activity generates income within
the fishing industry and within supplying
industries. These income changes do
not affect the level of consumer pur­
chases. In the second or closed model,
changes in income do cause changes in
consumption. To summarize, direct
plus indirect income is estimated by the
open model. Direct plus indirect plus
induced income is estimated by the
closed model. Direct income is known.
so indirect income and induced income
can be derived by subtraction.

Both the open and the closed models
are developed mathematically in the
appendix.

The Data

The transactions, total production.
and total consumption data for the open
model were from the 1963 U.S. Multire­
gional Input-Output Model and were
measured in thousands of 1963 dollars2

•

'Further details on the construction of State
input-output tables may be found in Polenske et
al. (1972). The use of 1963 technical coefficients
for the nonfisheries sectors of the economy
was based solely upon the availability of the
data. A new table for 1972 is ex~cted shortly
and the estimated impact multipliers can be
updated to reflect that new data.
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Trade with the rest of the economy for
1963 was also derived from this source.

The raw data from these national
accounts provided 79 industries. These
were aggregated to 28 sectors which
were roughly consistent with annual
data generated by the State of Maine.
After 9 fisheries sectors were added, the
open input-output model contained 37
industries.

Even with 79 industries, the transac­
tion data collected by Federal agencies
was much too aggregated to provide
useful information about fisheries. The
fisheries sectors were subsumed into
two broader industries: 1) Forestry and
fisheries and 2) food processing. To pro­
vide the detail necessary for policy anal­
ysis in fisheries, the fisheries harvesting
and processing sectors had to be removed
from these two broad categories and
reintroduced into the transactions tables
as five separate harvesting sectors and
four processing sectors. The harvesting
sectors were: Clam harvesting; marine
worm harvesting; herring and menhaden
harvesting; lobster, crab, and scallop
harvesting; and groundfish harvesting.
For processing, clam and marine worm
processing were lumped together. Other­
wise, the processing sectors corre­
sponded to the harvesting sectors:
Herring and menhaden processing:
groundfish processing; and lobster,
crab, and scallop processing.

Purchases for the nine fisheries sec­
tors had to be removed from the very
aggregate sectors and then reentered as
separate sectors. Based upon estimates
for 1963>, fishery purchases were sub­
tracted from the forestry and fisheries
sector (yielding a forestry sector) and
from the food processing sector (yield­
ing a food, except fish, processing sec-

'The estimation of input requirements per dollar
of sales for fisheries sectors was based upon
interviews conducted with industry and govern­
ment personnel in 1979. Details of this estimation
are contained in 1. Wilson, T. Duchesneau, H.
Briggs, B. Burlingame, K. Rollins, and D. Wil­
liams, The economic impact of fisheries in the
State of Maine. In C. 1. Walton (editor), Fisheries
management and development: Completion
report to the State Planning Office for the period
October 1,1978 to September 30, 1979, Volume
IV, Element E. Transactions were estimated by
multiplying input requirements per dollar times
1963 fishery sales reported in Lyles (1965).

tor)4. Then the nine new sets of pur­
chases were added to the transaction data.

The sales of fisheries products were
based upon the estimates cited above.
All fisheries sales were to final demand,
exports, or to other fisheries sectors.
Sales to other industrial sectors were
assumed to be zero. The data collected
could not distinguish between in- state
and out-of-state sales to final consum­
ers. Consequently, the following as­
sumptions were used:

1) No in-state consumption of marine
bait worms,

2) consumption of 10 percent of the
lobster and clam catch in-state, and

3) consumption of 2 percent of her­
ring and groundfish processing output
in-state.

To "close" the model, household sec­
tor purchases in the base year must be
removed from the final demand vector
and entered as the purchases of a new
38th industry, called households. Un­
fortunately, household purchases for
1963 were unavailable. Instead, Maine
consumption expenditures were ob­
tained for 1970. The 1970 consumption
expenditures were multiplied by the ratio
of 1963 total consumption to 1970 total
consumption. Note that, as with any
other industry, the pattern of purchases
of the household sector in any input­
output model is assumed to be constant.
Likewise, the ratio of total consumption
to total income is constant. This con­
sumption data was the only new data
required to close the model.

Results

Table 1 lists the income generated
within Maine's economy per dollar of
the various fish harvesting and process­
ing activities in the State. To help inter­
pret Table 1, consider an example from
the herring fishery. Increasing herring
landings by $1.00 leads directly and
indirectly to an increase in income in
Maine of $0.73 ($0.51 in the herring
harvesting sector and $0.22 in all others).

'In some instances the subtraction of fisheries
sectors created negative transactions in forestry
and food sectors. These transactions were as­
sumed to be zero.



Harvesting sector Groundfish $18,021,000 $ 9,731,340
Groundfish $19,697,000 $26,000,040 Herring and
Herring and menhaden 6,427,000 9,447,690 menhaden 56,509,000 58,204,270
Lobster, crab, and Lobster, crab

scallop 52.670,000 72,684,600 and scallop 70,872,000 34,018,560
Clams 8,554,000 13,173,160 Clam and worm 17,507,000 11,240,480
Worms 2,499,000 4,123,350

Processing sector 1

Groundfish $18,021,000 $23,968,000
Herring and menhaden 56,509,000 66,681,000
Lobster, crab, and

scallop 70,872,000 82,920,000
Clam and worm 17,501,000 28,886,000

Table 1.-ln-slale income multipliers for nine fishing
industries.

Industry Direct Indirect Induced Total

Harvesting sector
Clam 057 0.20 077 1.54
Worm 0.72 0.10 0.83 1.65
Herring and

menhaden 0.51 0.22 074 1 47
Lobster.

crab, and
scallop 0.35 0.34 0.69 1.38

Groundfish 0.29 0.37 066 1.32

Processing sector
Clam and

worm 024 0.58 0.83 1.65
Groundfish 014 053 0.66 133
Herring and

menhaden 028 0.31 0.59 1.18
Lobster,

crab, and
scallop 0.17 0.42 0.58 1.17

This SO.73 of income is responsihle. as it
is in turn spent on consumption items.
for an additional $0.74 of income- the
induced income effect'. Consequently.
the total impact upon income per dollar
of herring landings is $1.47,

The income generated per dollar of
sales was higher for fisheries than for
virtually any other sector in the State,
For example, the total income multiplier
for wood and paper products. the State's
most important industry. is ,98, The
higher ratio of income to sales for fish­
eries is explained by two factors. First.
many fisheries are relatively more labor
intensive, generating greater direct value
added. Second, fisheries seem to pur­
chase relatively more of their inputs
in-state as compared with other indus­
tries. For example, boat building ser­
vices are a major input which is produced
in-state.

The total impact of anyone fishery on
the Maine economy for 1980 is esti­
mated by multiplying gross output in
1980 times the total income multiplier.
These calculations are presented in
Table 2.

However, estimating the aggregate

'Because consumption is a constant percent of
income. and because the consumption pattern
is fIxed, estimated induced income in an input­
output model is necessarily a constant propor­
tion of direct and indirect income, However,
that that proportion was almost exactly one in
this analysis was strictly an empirical accident.
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Table 2.-Estimaled in-slale income tram nine fishing
induslries, 1980.

Gross Estimated
Industry output income

'All processing figures are preliminary estimates based
on 1980 reported landings and the proportion of land­
ings to processed value in 1963. Direct, indirect, and
induced income are included In estimated income.

impact of all nine fisheries sectors is a bit
more complicated than simply adding
the columns in Table 2. To the extent
that tlsheries sectors buy from each
other, either directly or indirectly. sim­
ply adding the columns in Table 2 would
lead to inadvertent double counting. For
the five harvesting sectors, this double
counting is relatively minor-consisting
mostly of bait purchases, Therefore,
adding the separate ligures for the tlve
harvesting sectors will not be substan­
tially in error. The $90 million in land­
ings for 1980 generated approximately
$125 million in income,

The processing sectors purchase their
primary input-tlsh-directly from the
harvesting sector. Therefore. estimated
income for processing sectors includes
income generated by increased pur­
chases of fish, Adding the harvesting
income estimates to the estimates for
the processing sector will double count
income attributable to harvesting, Table
3 presents the estimated impacts of the
processing sector exclusive of (lsh pur­
chases, Processing generated an esti­
mated net addition to income of $113
million in 1980, only slightly less than
the income generated in harvesting.
Adding the processing sector impacts to
the harvesting sector impacts provided
an estimated total income of $239 mil­
lion,

The input-output model also pro­
vided detailed information on how var-

Table 3.-Estimaled in-slale income of processing sec­
lars, excluding fish purchases, 1980.

Processing Gross Estimated
sector output income

ious nontlshing industries within the
State are affected by fishing activities.
Such information may be useful for eco­
nomic planning activities by the State".
The detailed data has obvious political
interest as well. Those industries which
may gain directly or indirectly from
increased fishing activity have an inter­
est in policies which promote the tlshing
industry.

Tables 4 and 5 present the estimated
impact upon selected Maine industries
from a $100,000 increase in harvesting
or processing activities. These estimates
are based upon the open model. and
include only indirect effects, Therefore.
these industries directly or indirectly
supply fishing industries. The numbers
in Tables 4 and 5 are rounded to the
nearest thousand dollars. The tables
include all industries which receive
$1.000 or more of income per $100.000
of harvesting or processing activity.

Tables 4 and 5 contain no major sur­
prises. Most of the entries reflect the
pattern of direct purchases by fishing
industries, The groundfish, herring. and
lobster fisheries are major purchasers of
boats (included in motor vehicles), nets
(fabrics), and gear. The very labor in­
tensive clam and worm digging indus­
tries have much less indirect input. The
figures for the processing sectors are

bit has been suggested that data on income
earned by out-of-state industries might also be
useful for planning {lUrposes, Industries which
supply fIshing activIlies directly or indirectly
could be encouraged to locate here. Perhaps
due to our very aggregated defInition of indus­
tries, this input-output model did not provide
very useful informalion. The major out-of- state
purchases were in electrical and mechanical
machinery. petroleum, and chemicals, Maine
would obviously like to attract some of these
industries, but purchases by fIshermen and pro­
cessors will not be a significant factor.
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$2 $2
1 1 2
1 1
9 7 1
1 1 1 1
3 4 3 8 6

5 1 4
3 2 2 1
9 3 8 3
1 1 5 4
1 1 1

Table 4.-lncome generated in selected Maine industries per $100,000 otfishing
activity. (In thousands of dollars.)

Harvesting sector

Herring Lobster,
and crab.

Nonfishing industry Groundfish menhaden scallop Clam Worm

Livestock
Wood and paper products
Maintenance and construction
Fabrics and misc. textiles
Engines and machinery
Motor vehicles
Transportation and

warehousing
Wholesale and retail trade
Finance and insurance
Miscellaneous retail
Electrical manufacturers

Table 5.-lncome generaled in selected Maine industries per $100,000 offish pro­
cessing. (In thousands of dollars.)

Processing sector

Nonfishing industry

Herring Lobster.
and crab.

Groundfish menhaden scallop

Clam
and

worm

Livestock
Wood and paper products
Maintenance and construction
Food and kindred products
Fabrics and misc. textiles
Metal products
Engines and machinery
Motor vehicles
Transportation and

warehousing
Utilities
Wholesale and retail trade
Finance and insurance
Miscellaneous retail

1 1
3 2 2 2
2 1

2
5 1

1
2 1 1
2 1 2 5

4 5 4
1 3
4 1 2 1
6 2 5 2
3 3 4 3

harder to interpret, but generally seem
to reflect purchases by both processors
and fishermen.

The large indirect income earned by
the finance and insurance and the trans­
portation and warehousing sectors is
perhaps the only surprise in Tables 4
and 5. Fishermen who operate boats do
spend a large portion of their income on
interest and insurance. The relatively
large income earned by the transporta­
tion and warehousing sector is harder to
explain. Maine's remote location per­
haps explains the importance of this
sector,

We estimate that flsheries- related in­
come accounted for 2.8 percent of
Maine's 1980 total personal income of
$8.6 billion. These figures emphasize
the importance of fisheries activities to
Maine's economy, We suspect these es­
timates have a conservative bias, be-
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cause a number of smaller fisheries (sea
moss, elvers, anadromous species, peri­
winkles, and sea urchins) are excluded.
The analysis is also limited to fisheries
per se, and does not include other ma­
rine activities such as shipping and rec­
reation.
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W= [A] TP. (4)

V, = 1- La". (5)

tc, = jd, + w,. (2)

Now derive a matrix IA Jwhose typical
element {ai,,) is calculated:

(9)

(8)qi" = m,/tp, .

M=IQ1TP.

Consequently:

X= }:" II] TP. (17)

X, a 37-element vector of net exports
of products to consumers and tirms in
other States. For the base year, an ele­
ment {Xi) is calculated:

Finally, the vector of generated in­
comes, X, may be calculated. An ele­
ment (y;) represents the income gener­
ated in the ith industry:

Additionally, total State income, y*, may
be calculated

if tc, > tp" then m, = tc, - tp" (6)
otherwise, m, =O.

Let us now detine a diagonal matrix
[Qj. A diagonal element, {q".}, of this
matrix is deuned:

Now, total production can be related
to final demand and exports by algebraic
manipulation of the preceding detini­
tions:

y* = }:"TP. (18)

TP+M= TC+,K; (10)
TP+M=FD+ W+,K; (11)
TP+ [QjTP= FD + W + X; (12)
TP+[QjTP=FD+lA]TP+K; (13)
TP+[QlIE-[AjTP=FD+,K; (14)
([I) + [Ql-[A])TP=FD+X; (15)
TP= ([I]+[ Ql-IA})-I(fQ+~-:- (16)

if tpi > tc" then Xi = tpi - lC;, (7)
otherwise X, = O.

tensive net purchases from out-of-state
firms, or substantial net sales to out-of­
state buyers. Consequently, we must in­
troduce vectors of net "exports" or net
"imports" exchanged wi th the rest of the
United States:

M, a 37-element vector of net imports
from other States. An element {m,) rep­
resents net purchases of the ith product
by Maine consumers and businesses
from out-of-state tirms. For the base
year, {m;) is calculated as:

(1)

(3)

j I

37

W,= L lr,.,.

a", = tr,,,! lp, .

An element {ai,,) represents the direct
requirements of inputs from industry i
per dollar of output of industry IIA] is
called a "technical coefficients matrix."
We can then represent Was

We can also derive a vector of value
added coefficients, y. Value added is
the difference between value of output
and cost of purchased materials. Ac­
cording to the accounting convention
used, value added is the sum of all forms
of income. An element {Vi) is the per­
cent of the value of total product which
becomes income in the ith industry:

Alternatively, intermediate demand
may be derived from the relation among
total consumption, tinal demand, and
intermediate demand:

In a national input-output model, the
next step would be to apply the account­
ing identity that total consumption
equals total production for each prod­
uct. This identity is not true in a re­
gional model. Rather, there may be ex·

State). An element (tc,) represents total
Maine purchases from the ith industry.

From this data, we may derive the
following:

W: a 37-element vector of intermedi­
ate purchases by Maine businesses. In­
termediate purchases include all goods
and services used up in the productive
process. Intermediate purchases do not
include investment purchases, which are
included in unal demand. An element
{w,) may be calculated as

'The notational conventions used throughout
are: Vectors are underlined; matrices are indi­
cated by brackets I I; elements of matrices are
denoted by small, subscripted letters; scalars are
indicated by small, asterisked letters; and the
identity matrix is represented as II].

Appendix: Construction
of the Model

Although the two input-output mod­
els are conceptually quite different,
mathematical application involves es­
sentially identical calculations. The fol­
lowing discussion describes the open
model in detail, and then outlines the
necessary moditications to "close" the
model.

The solution of an input-output mod­
el requires data on purchases in some
base year by each industry and by fmal
consumers. This data is then manipulat­
ed algebraically to construct a linear
relationship between tinal demands and
total production of each industry. Based
upon this relationship, estimates can be
made of income generated by changes
in levels of economic activity in various
industries. In the present application a
37-industry model of the Maine econ­
omy was used. To solve such an input­
output model, the following data is re­
quired for any single year7

:

ITR]: a 37 x 37 transactions matrix
(one row and one column for each in­
dustry). An element {tr;,;! represents
sales from the ith industry (located any­
where in the United States) to the jth
Maine industry.

TP: a 37-element vector of total pro­
duction of each industry in Maine. An
element {tPi) represents the output of the
ith Maine industry.

FD: a 37-element vector of tinal de­
mands for the output of each industry.
Each element Ijdi) is the sum of per­
sonal consumption expenditures, State
and local government purchases, Feder­
al government purchases, gross private
investment, net inventory change, for­
eign exports, and residual accounting
elements (including service industry re­
siduals, scrap and secondary transfers
out) by Maine's consumers, businesses,
and governments.

TC: a 37-element vector of total inter­
mediate and tinal consumption in Maine
(whether purchased in or out of the

6 Marine Fisheries Review



To close the model of the Maine econ­
omy, consumption demand must be re­
moved from the final demand vector
and made to depend endogenously upon
the income generated within the model.
To accomplish this, a 38th industry, the
"household sector," is added to the
transactions table, to the production
vector, and to the consumption vector.
The new column added to the transac­
tions table measures the purchases of
the household sector from each other
sector. The new element in the total
production vector equals total income.
The new row in the transactions matrix
represents the payments of all sectors
to the household sector for services ren­
dered in the process of production. This
includes both labor and capital earnings.
Because income is measured as value
added in this model, the payments to the
household sector by the ith industry
{tr38J } may be computed as:

tr38 / = v,' tp" (19)

The new element in the total consump­
tion vector equals zero, because house­
holds are assumed not to purchase di­
rectly from other households.

After the construction of the house­
hold sector and its inclusion as a new
industry in the transactions matrix, the

January /982,44(1)

solution for the closed model is exactly
analogous to the open (no household
sector) model.

Because an input-output model is lin­
ear, it is not necessary to resolve the
system for every conceivable change in
production. Rather, the ratio of change
in income to change in total production
in any sector is a constant "multiplier"
which may be applied to any hypothetical
change in production. These multipliers
are extremely useful policy tools, and
are the most important product of this
analysis.

To compute these multipliers, both
versions of the model were solved for
base year (1963) final demands. To esti­
mate the separate impact of each sector,
(e.g., groundfish harvesting) the total
value of output of each sector was in­
flated by $100,000. The model was then
solved again to find a new total output
vector consistent with this $100,000 in­
crease. The increase in each element in
the new total output vector measured
the increase in gross output from each
industry necessary to support the hy­
pothesized $100,000 increase in output.
The sum of these changes constitutes an
estimate of the total impact (per
$100,000) of groundfish harvesting (for
example) on the gross output of indus­
tries within the State. This was done for

each of the nine fishery sectors using
both the "closed" and "open" models.

When combined with the information
on value added in each industry, these
estimates of change in the gross value of
output can be translated into estimates
of expected changes in income-direct,
indirect, and induced. Direct income per
dollar for any industry is simply Vi, the
value added per dollar of output. The
indirect plus direct income impact per
dollar is computed as the ratio of the
change in total State income to the
change in gross output, as estimated in
the open model. Subtraction of the direct
effect yields the indirect effect alone.
Finally, the change in direct plus indirect
plus induced income per dollar of sales
is estimated within the closed model.
Again, the induced effect can be calcu­
lated by subtraction.

To summarize mathematically, let us
introduce the notational convention that
a subscript "0" refers to the open model
and the subscript "e" refers to the closed
model. The multipliers for each of the
nine fisheries sectors are calculated:

direct income multiplier = Vi (20)
indirect income multiplier =

(/::"y*/ /::"tpJo - Vi (21)

induced income multiplier =

(/::"y*//::"tpJc - (/::"y*//::"tpi)O -Vi' (22)
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