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Introduction

The general objective of this study is to examine the economie
lmpact of the Lake Erie fishery and other Lake Erie industries on the
Northern Ohio regional economy. This abjective is accomplished by
developing an input~output (I/0) model of the Northern Ohio regional
economy for 1978. The year 1978 was the most recent for which all data
were avallable when the study was undertaken. The model is then used to
analyze interindustry linkages within the regional economy, to examine
the economic impact of Lake Erie industries and the Lake Erie sport
fishery, and to examine the allocation of the Lake Erie fishery between
sport anglers and commercial fishermen.

Lake Erie 1s the fourth largest of the five Great Lakes, covering
9,940 square miles of surface, 3,277 of which are managed by Ohio. The
Lake offers a tremendous diversity of uses and resources. However, the
diversity of the set of resources of Lzke Erle result in competing uses
of the Lake's resources.

Competing uses of the Lake's resources result because of the great
numbers of users desiring to exploit a specific resource, and also due
to the use of one resource interfering with the use of another. For
example, since the mid—}9708, sport fiching effort has increased
markedly on Lake Erie,k while there has been a relative decline in com=
mercial fishing effort and value of catch. Reasons for this change
include changes in the population of various fish species, change in
demand for sport fishing, and changes in management regulations by the
Ohio Department of Natural Resources (ODNR). Sport and commercial
fishing is a problem because of fishing in common waters and fishing for
the same species. Sport anglers typlcally harvest yellow perch,
walleye, white bass, freshwater drum, smallmouth bass, channel catfish,
and salmonids while the commercial industry harvests yellow perch, white
bass, shad, freshwater drum, carp and channel catfish.

Poor water quality has affected the utilizatlion of Lake Erie
beaches, especially near large cities and large industrial complexes.
Beaches in these areas had to close during summer months in the
mid~-1970s because of undesirable water quality. The lake also serves as
a vital transportation link in the 5t. Lawrence Seaway. Lake Erie har-
bors are a vital link in the state's transportation network. However,
annual dredging of 6.7 million cublc yards of Lake-bottom materials to
clear shipping and boating channels serving Lake Erie's ports and har-
bors affects water quality. 1In additicn, construction along the shore-
line can greatly increase sedimentation and erosion into the Lake.

The Study Region

The study reglon is composed of seventeen counties of Northern
Ohio: Ashtabula, Cuyahoga, Erie, Geauga, Huron, Lake, Lorain, Lucas,

1/ Lake Erie, unless stated otherwise, refers to Ohio waters of Lake
" Erie.



¥ahoning, Medina, Ottawa, Seneca, Summit, Trumbull, Wood, Portage and
Sandusky (Figure 1). There are three reasons for the selection of this
region. First, these counties are those¢ most directly impacted by the
2conomic activities of Lake Erie. Sport fishing effort is largely con-
centrated In the western basin (Ottawa, lucas, Sandusky and Erie
Counties). 1In 1977, the largest percentage of Lake Erie sport angler
hours at 54.1 and 14.9 percent originated from Ottawa and Erie counties,
respectively. Commercial fishing activities, based on the number of
licenses issued or license revenue are concentrated in Erie, Ottawa,
Ashtabula, Lucas, and Lorain counties. Of the 116 commercial fishing
licenses Issued {n 1979, 114 were allocated to the seveateen counties in
this region, with Otrawa and Erie showing the largest aumbers. Those
industries most affected by water transportation or water avallability
are likely to be found in the counties adjacent to the lake.

Second, the counties in this reglon represent some of the most
industrialized and populous counties in Ohio. Counties such as
Cuyahoga, Summit, Lucas, and Lorain have ranked very highly in manufac-
turing employment. These four countlies plus Mahoning are the core coun-
ties for the five standard metropolitan statistical areas {SMSAS) 1in
Northern Ohioc. Since the neighboring countles are integrated with the
core counties through labor wmarkets, impacts in the core countles can be
felt wmore directly in the related SMSA rhan in other counties.

The third reason for the selection of this region {s that these

counties form a coutiguous reglon. Wood and Seneca counties are
included to form a contiguous region.

Commercial and Sport Fishing Industry

The commercial fishing industry In Ohio (s a very small industry
(Table 1). Since 1970, there has heen little trend in anaual harvest by
the commercial Industry.

Sport fishing on Lake Brie has increased substanttally since 1975
(Table 2). Total estimated harvest of all specles was 4.6 million
pounds in 1975, 8.2 million pounds in 1977, and 9.2 million pounds In
1981. The increase in sport fishing activity has also been reflected in
the numbers of licensed charter boats. When a charter boat license was
Fiest required in 1974, there were only 3% boats licensed. In 1981
there were 266 boats licensed.

The increase in sport fishing activity has come about in part due
to favorable policies by the Ohio Department of Natural Resources (ODNR)
to enhance sport fishing activity. In 1972 commercial fishermen were
prohibited from harvesting walleye. In 1980, there was an increase in
the minimum length limit for white bass from 9 to 11 iaches, and the
mesh slize of glil nets was restricted to 2 7/8 inches stretch mesh. In
1982, the 1981 gill net maximum depth of 30 meshes was reduced to a
maximum of 15, and the minimum size limir for yellow parch was increased
from 8 to 8 1/2 inches. Under 1984 Ohio legislation, rhe walleye has
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Figure 1. The Stndy Region

Y] L

e
[T
P s

Putaam
C1TTT

s
L L

gl i

-

.
-
[T 1 \_#
e WY
ThvLtn)
) b
prmre
" )

Study Region




Table 1. Ohio Commercial Fish Production, Total and for

Selected Specles for Selected Years (Million
Pounds and Thousand Dollars)

i Sy —

1960 1570 T IgTS "TTT1I980 1981

Lbs. 3§ Lbs. $  Lbs. Lbs. 3 Lbs, §

All Species 18.0 1,632 8.4 1,101 7.3 1,625 7.6 2,213 6.7 3,088

Freshwater Drum 3.0 149 1.0 52 .5 35 9.9 28 1.0 51

Yellow Perch 5.3 424 2.4 357 1.5 758 2.8 1,368 2.0 2,130
White Bass 1.9 255 1.1 273 1.7 486 1.6 552 1.0 568
Carp 3.2 97 3.0 152 2.3 184 1.4 106 2.0 138

Source: Commerclal, 1980, 1981, GLFC, 1979, USFWS, 1975, 1970, 1960.

been made a game fish and gill net fishing rights are to be purchased by
ODNR from curreat holders of these fishlang rights.

These regulatory policies have the objective of increased welfare
of the people of Chio. The determination of the value of the alter-
aative uses of Lake Erie and itts resources and their fmpacts on the
regional economy will provide {nformatinn policy makers need to make
better policy decisions.

Other Lake Erie Industries

There are many industries besides sport and coumercial fishing on
the Lake. 1In 1977, an estimated 26 percent (70,200) of the boats
registered in Ohio used Lake Erie as the principal recreation location
(Public, 1979). Sand and gravel from the bottom of the Lake are used
for nourishing the beaches and to prevenr eroslon, and are also used as
inputs for other regional industries. The Lake serves as a vital
Lransportation link in the St. Lawrence 5eaway. Ohio Lake Erie comamer-~
clal ports handled 94 million tons of cargo and 317,600 passengers in
1978 (Table 3). 1In 1977, there were a total of forty=four water Latakes
in Lake Erie for municipalities and industries.

In the next section, the conceptual basis for the input-output
model is presented. This is followed by the specification of the tnput-
output model in the third section. A fourth section contains an over-
view of the 17 county study region. The ecconomic analysis of Lake Erie
(the economic {mpact nf its resources, the ecounomic impact of sport
fishing and the allocatton of Lake Erie to sport vs. commercial fishing)
1s pregsented in a fifth section. Finally, conclusions and implications
of the study results are developed.
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Table 3. Freight and Passenger Traffic Through Ohio Lake
Erie Ports {million short tons and thousands of
people) 1960-1978

—— e — R ek ke b e — -

. 1960 1965 __1970 _ 1975 . 1678
Freipght
Total 86.9 98.8 101.7 87.0 94.2
Ashtabula 10.2 11.1 11.9 B.7 12.8
Cleveland 17.8 22.0 22.9 18.1 19.7
Conneaut 7.2 8.8 15.5 19.2 17.4
Fairport 208 2-0 2.7 3.0 205
Huron 2.2 1.2 2.9 2.1 2.4
Lorain 7.0 6.5 8.8 7.7 8.2
Sandusky 5.7 2.2 5.1 4.5 3.6
Toledo 34,0 45.0 31.9 23.6 27.6
Passenger
Total 426.5 341.5 310.8 343.5 317.6
Ashtabula _— - -- -- -—
Cleveland 154.3 37.8 15,2 140.2 127.8
Conneaut — -— - -
Fairport - - - - -
Huron -— —-— - -— -
Lorain —_ -— - - -
Sandusky 246.9 297.1 280.,0 187.2 179.0
Toledo 25.4 16.6 15.6 16.0 10.8

Source: USCE

The Input—Output Model

Economic activity is a complicated web of Interdependent behavior.
A change in any part of the economy will lead to changes in other sec-
tors of the economy. Consequently, the measurement of the impact of a
particular economic activity such as fishing requires a tracing out of
changes that occur elsewhere in the economy as a result of this economic
activity. To estimate the ilmpact of the Lake Erie fishery and other
Lake Erie industries on this reglon, it is necessary to know how these
activities and the rest of the economy are related to each other.

One technique that 1s used to study these i{mpacts is {oput-ocutput
(1/0) analysis. 1I/0 analysis was pioneered by Wasslly Leontief (1951),
whose first book on I/0 economics was "The Structure of the American
Economy, 1914-1939." Most of the modern work In L/0 analysis owes much
to the "Tableau Economique” of Quesnay (1758) and the "Elements
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d'economie politique pure” of Walras (1784). Recently, a large number
of 1/0 tables have been published on national, regional, county and city
economies.

1/0 analysis is a wethod of arranging economic information at the
sectoral level on the basis of the linkage between the microeconomics of
the firm and the macroeconomics of the economy. All 1/0 models consist
of three parts: an interindustry flow table, a technical coefficients
matrix and an interdependence coefficlents matrix. The flow table is
the base of an I/0 model, from which the technical and interdependence
coefficlents are derived. A mathematical specification of the I1/0 model
1s found in Appendix A.

The flow table describes the demand and supply relationships of an
economy in equilibrium by showing final demand for goods and services
and the interindustry transactions required to satisfy this demand. In
the flow table, the entire economy under consideration Is divided into
sectors comprised of processing sectors, final demand sectors and pri-
mary input gectora. The processing sectors as elther producing or
purchasing sectors, are endogenous, and the final demand and primary
input sectors are exogenous. Each sector consists of a set of relati-
vely homogenous Iindustries apggregated according to a predetermined
classification. Each of these sectors produces a certaln amount of out~
put. This output may be used within the sector, sold to the other sec~-
tors as inputs, or flow to final demand sectors.

The 1/0 model has been used to study fisheries impacts. Harris and
Norton (1978) examined the income and employment effects of commercial
fisheries. Lambert (1975) estimated the direct employment and value-
added impact of Lake Erie commercial fishing in Canada on the Ontario
economy for 1972. Ditton, Graefe and Lapotka (1980) used existing I/0
models of the Houston-Galveston reglon of Texas and of the state of
Texas for 1972 to estimate the fmpact of bay and gulf private boat
fishing on the regional and state economies in 1978. Xing and
Shellhammer {198l) used the California Interindustry Fisheries (CIF)
model contalning 19 fish harvesting sectors, 9 fish processing sectors,
and 35 nonfishery sectors to examine the economic impact of the
California fisheries. More recently, Briggs, Townsend and Wilsan
(1982), used the input=output framework in the analysis of Maine's
fisheries.

Hushak, Ro and Husaln (1983), Kakish (1981}, and Ro (1982) used I/0
models to examine vegional economic Impacts in Ohio. Strang (1970) ana-
lyzed a recreation~oriented economy in Northern Wisconsin. Brucker and
Cole (1979) used the 1/0 methodology as a framework for analyzing the
impact of changes in Sussez County. Williawms, Tyner and Waldrop (1976)
used I/0 for the study of the structure of the Mississippl economy.

The I/0 approach 1s preferable to other forms of ilmpact models for
the Issues of concern in this study. First, all sectors of concern canm

7



be incorperated simultaneously and the relationships among sectors exa-
mined. Second, the estimated lwmpacte are based on industry specific
multipliers or requirements rather than on average multipliers.

Economic base and econometric models do not provide sectoral multlpliers
but only aggregate multipliers.g

Regional economic base and econometric models strictly require a
set of primary data or secondary data on the region under study, while
1/0 analysis can reasonably be implemented through the adaptation of the
national I1/0 model to a regional economy. In this study, primary data
were collected for only three out of the 43 endogenous sectors (defined
later).

Impact Coefficients (Multipliers)

Since the input-output model was flrst ploneered by Leontlef
{(1951), a number of methodologlcal Improvements have been made. The
concept of 1mpact coefficients is one of the important outcomes of these
fmprovements. Impact coefficients or multipliers are gquantitative
measuresg of the effect that a change in the final demand for goods and
gservices of a particular sector have on ocutput, employment and income of
the whole economy. The output multiplier measures the amount of output
generated by a one dollar change in final demand for the output of a
particular sector. The employment multiplier I3 the ratio of the total
employment effect (direct plus indirect effect) to the direct employment
effect in response to a change 1in final demand for a particular sector.
The income multiplier is the ratio of the total income ecffect (direct
plus indirect) to the direct income effect for a particular sector in
regponse to a change in final demand.

Adjusted Qutput Multiplier, Total Income and Employment Effects

The output, income and employment multipliers are useful in exa-
mining changes in the economy resulting from a final demand change in a
given sector. 1In examining the total contribution (impact) of the Lake
Erie sectors to the reglonal economy, however, it 18 necessary to eva-
luate changes in the reglonal economy as related to output changes
rather than to final demand changes in the Lake's economic sectors. The
adjusted output multiplier and the adjusted total income and employment
effect allow such evaluation. The incone and employment nmultipliers are
the same for evaluation of final demand and output changes. The mathe=
matical formulation of the Impact and adiusted multipliers is presented
in Appendix A.

2/ More discussion on the limitation of the economic base model is
provided in Prescott and Lewis (1975), Richardson (1978) and Shaffer

(1979). More detalls on the concepts as well as limitations of

econometric models are provided in Theil et al. (1963), Glickman
(1971) aund Richardson (1978).



Generation of the Northern Ohio Regional Input-Output Model

In this study, the 1972 U,S. national input—output model updated to
1978 prices 1s used to generate the 40 sector reglomal Input-ocutput
table. The charter fishing and marina and boat sales sectoral flows are
derived from a primary survey. Commercial fishing is derived from a
published study. There are two broad exogenous sectors: the final
demand and the primary input sectors. See Appendix B for the detalled
specification of the regional input-—output model.

Primary Survey Data Collection for Charter Fishing
and Marina and Boat Sales

In this section, the sampling procedures, the data collected, and
the estimation of the transactions and the technical coefficients for
charter fishing and marina and boat sales are discussed. The purposes
of the survey are threefold: (1) to determine Input requirements for
each sector, {2) to ldentify sectors of origin of purchases and sectors
of distribution of sales by sampled firms, and (3) to determine the
total amount of the regional transactions that occur outside the region.
Lists of all establishments in marine services and supplies, charter
fishing, boat dealers and bait dealers In the study reglon were
obtained. The list for marine services and supplies was obtained from
the Lake Erie Marine Trades Assoclation, while the list of charter cap-
tains was obtained from the Ohio Department of Natural Resources'
charter license applications list. The list of balt dealers was
obtained from the Chio Department of Natural Resources and the boat
dealers list was obtained from the Ohio Boat Dealers Assoclation.
Sampled firms were randomly selected from the lists and mailed survey
questionnaires in June, 1982.

The Charter Fishing Industry

Charter boat operators (captains) are defined as persons who adver-
tised themselves to the public as charter boat operators and offered
charter fishing experience oa Lake Erie. The firms included those who
offer charter guide and boat rental services.

A list of charter operators was obtained from the list of appli-
cants for the Ohio Lake Erie fishing guides for 1981. A sample of 165
out of the 249 firms (captains), 66 percent, were randomly selected and
mailed a survey questionnaire with a self-addressed, stamped return
envelope in June 1982. Of the 165 questiounnaires sent, 15 were returned
in a usable form, 4 were returned due tc address changes and 7 were
filled out 1in a manner that rendered them Lncomplete and hence unusable.
Of the 7 “incompletes” some were totally blank, and some gave reasons
such as gone out of business or unable tn disclose financlal figures.

In early Auguat, a follow-up letter and a duplicate survey instru-
ment were sent to those not responding. In the second mailing, 8
returned usable questionnalres, 6 were returned for address changes and
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L2 questionnaires were returned either iancomplete or blank. The two
mailings resulted in a 26 percent response rate and a usable response
rate of 13.9 percent.

Marina and Boat Sales

Due to significant overlap between marina operators and bait
dealers, marine services and supplies was initially defined to include
balt dealers, fish tackle dealers, fish cleaning establishments,
lLaunching service operators, docking site operators and boat ramp opera=
tors. The marine services list contained 225 firms and the batt dealers
list contained 30l names. It was not possible to identify overlapping
firms because the marine services firm name was not the name in which
the bait dealer license was held in many cases.

During the summer of 1982, survey mail questiounaires were sent to
4 sample of 251 firms in this industry, about 50 percent of the names on
both lists. Of the 251 sampled firms surveyed, 12 returned usable
questionnaires, 9 questionnalres were returned for reasons of address
changes and 19 questionnaires were returned incomplete. Of the 19
incomplete questionnnaires, ten firms were reported to have gone out of
business.

A follow=up letter and a duplicate copy of the gsurvey questionnaire
were sent to uonvesponding firtms In early August. The second mailing
tesulted {n 7 returned usable questionnaires, 4 were returned for
changes 1in mailing address and 13 were returned incomplete. The two
mailings resulted in an over-all response rate of 19 percent and a
usable response rate of 7.6 percent.

The boat dealers industry is defined to include only firms that are
boat retallers, and does not Include boat rental firms or boat manufac-
turers. A list of Ohio boat dealers was obtained from the Ohio Boat
Dealers Assocfation. Using the U.S. Postal Service zip codes, a list
.was made of boat dealers who operated in the counties of the study
reglon. A total of 182 boat dealers was identifled as operating within
the study region. From this list a sample of 120 firms (66 percent) was
selected and mailed a survey questionnaire in June 1982. Of the firms
durveyed, 10 returned usable questiennaires, 2 were returned due to
changes in mailing address and 9 were returned incomplete. The 9
incomplete questionnaires Included 3 firms that had gone out of busi-
ness. In August, a follow-up letter with a duplicate copy of the
questionnalire was sent to nonrespondents. This resulted in 5 returned
usable questiouonaires, 1 questionnaire was returned due to address
change and 4 were returned incomplete. The two mailings resulted in a
total response rate of 23 percent and a usable response rate of 12.5
percent.

When the lists of the marine services and supplies and the boat
dealers were obtained, 1t was clear that there was some overlap between

the two lists. However, because they were in different form, it was

10



difficult to determine the extent of overlap. Atter the survey respon=
gses started coming 1n, it was reallzed rhat the extent of overlap was

great enough to bias the results unless it was corrected. Many firms
provide both marine services and boat sales. To avold any double
counting and subsequent overestimation, the marine setrvices and supplies
and the boat dealers industry were aggregated iato ome sector, called
marina and boat sales.

To accoumplish this aggregation, additional data were necessary to
estimate the actual number of firms In each of these Industries. Help
was obtained from both ODNR and the Lakz: Erie Marine Trades Assoclation
(LEMTA). A revised list of boat dealers was obtained. This list indi-~
cated that there were 120 boat dealers resident 1a the reglon.
Discussion with staff at ODNR confirmed that at least one-half of these
boat dealers were bas{cally involved in boat dealership. We therefore
estimated that one-half of the 120 boat dealers were full time boat
dealers and the other one-half were also part of marine supplies and
gervices.

Information frow LEMTA indicated that there were 183 establishments
javolved in marine services and supplies, and approximately 118
establishments were mainly involved in bait dealership. Adding the
number of firms in the three industries, a total of 361 firms was esti-
mated as constituting the marina and boat sales sector. The aggregation
of these sectors was necessary to avold double counting and is valid
because these sectors have relatively homogenous output. A boat dealer,
for example, may also sell other boating services and fishing tackle,
while a marine supplies firm sells boats. The aggregation of the marine
supplies and services sector and the boat dealers sector results 1n a
21.3 percent respouse rate and a usable response rate of 10 percent for
the aggregated sectot.

The Data Collected

Sample instruments are In Appendix C. Survey questionnaires were
sent to the various establishments requesting that they report their
gsales and purchases information for 1981. The year 1981 was used
because it was expected that many firms would not be able to provide
data for 1978, the year for which the model is developed. A second
reason for the selection of 1981 as the survey year is that the sport
fishing sector was not fully developed in 1978. The charter industry
was similarly sti1ll growing in 1978. There were 73 charter captains in
1978 compared to 249 in 198l. The questionnaires did not insist on
exact figures but asked for estimates when exact figures were not
available.

This type of data collection has typically faced problems of no
response. This is partly attributed to unwillingness on the part of
respondents to furnish sensitive financial informatioa. However, the
13.9 percent usable response rate for the charter industry and the 10
percent rate for marina and boat sales are comparable with other stu-
dies. 1In the California Interindustvy Fisheries study by Kiag and
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Shellhammer (1981), the usable response rate for the fish harvesters was
20 percent, and the rate for fish processors was 9 percent.

How representative Is this sample of the various industries?
Because a study involving these sectors has not been undertaken i{n Ohio
before, and because no state agency has total output data for any of
these sectors, it is very difficult to assess the representativeness of
the sample used in this study.

_ The sample size and the mean of the sample estimates are important
factors for determining sample representativeness. For the boat dealers

(only), the sample mean sales 1is $1.5 million, compared to an estimate
of the mean of $800,000 by the Lake Erie Marine Trades Assoclation3
(LEMTA). The large divergence between the two estimates suggests that
relatively large firms responded to the questlonnaire. The mean sales
estimate obtained from LEMTA for the marine supplies and services 1is
$300,000, while the survey sample mean i{s $302,595.

The charter industry is the most homogeneous sector among all the
sectors surveyed. To obtain an independent estimate of gross sales,
the total number of days or trips fished reported by the Ohio Department
of Natural Resources Division of Wildlife (creel census data) was
multiplied by an estimated daily charter rate. This figure was divided
by the number of charter captalns to arrive at an est{mated annual
charter sales. The estimated mean of $5735.50 compared well with the

sample estlmate of $5160.00.

Bagsed on the auxillary data obtained, the firms surveyed probably
do adequately represent the various industries.

Estimation of the Traunsactions and the Technical Coefflcilents

The transactions and the technical coefficients for charter fishing
and marina and boat sales are estimated from the survey responses. In
addition to information about their purchases, the business respoundents
were asked to sllocate thelr sales among local and nonlocal individuals,
businesses and governments (state, local and federal). These estimates
were accepted as sales data for these firms. The sgsales and purchases
figures were reconciled and from these data the interindustry transac-—
tions data were generated.

In deriving the lnterindustry transactions table, the mean value of
each item for the responding firms from a sector was assumed to repre=~
sent the value for an average firm In that sector. Each purchase by a
firm, as recorded on the questionnalire, was determined to be from a cer-~
tain economic sector and coded as such. If more than one item on the
questionnaire was coded as a purchase from a given sector, all purchases
from that sector were summed. Sales by firms were also assigned
according to the sector to which they were sold. Anything purchased out

3/ This figure i{s an impression of the President of Lake Erie Marine
Trades Assoclation.
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of the region was recorded as an Import. All (mports were summed to
create the import cell for each sector. All average sector purchases,
mean taxes, mean payments to households and mean imports were summed to
obtain average total expense (purchases) for surveyed firms. This was
compared and reconciled with the mean sales calculated from the
questionnaire. The next step was to multiply the average firm purchases
and sales data by the total number of firms Iln that industry to derive
the total purchases and sales data for the two sectors.

A few adjustments were necessary to reconclle sales and purchases
data in order to maintain equality of sales and purchases. To

accomplish this reconciliation, two tables were developed: “the columns
only” (purchases table) and “"the rows only” (sales table). In most
cages, the sales data were considered more reliable, and were used. But
when the rows only table was used in constructing the tramsactions
matrix, some of the purchases were not accounted for. In such instances
additional information from industry people was used to reconcile the
two data sources. Ten percent of the total expenditure on new boat
purchases by the charter industry was allocated to current expenditures,
t.e., a 10 percent depreciation rate was used for new boat purchases.
Since most captains reported boat capital expenditures, only those who
purchased new hoats were treated this way. The technical coefficients
for the surveyed sectors were calculated from the survey sectors' tran-
sactlions table.

The Commercial Fishing Sector

The commercial fishing sector i{s included in the national 1/0
table, but is aggregated together with forestry products. This aggrega—
tlon makes It necessary to derive coefficients for commercial fishing by
other means. The disaggregation of commercial fishing and forestry
involves removing all fishing activities from the (original) aggregated
sector, and creating a separate row and column for commercial fishing.
To accomplish this, complete transactions data on the inputs and outputs
for 19 commercial fish harvesting sectors 1n a California study was
assembled (King and Shellhammer, 1981). Based on a detalled examination
of the inputs, outputs, and technology used in these sectors, three sec-~
tors (Wetfish Seiners, Herring Gillnetters and other Gillnetters) were
selected as those that most clogely approximated the commercial fishing
activitles of Chio's Lake Erie. The three sectors were aggregated into
one sector.

Based on knowledge of the Ohio commercial fishing industry and
after consultatlons with experts in the industry, it was determined that
the purchases data from the Califorania commercial fishing study ade-
quately represent the purchases patterns of the Ohio commercial fisher-
men. The distribution of the output of the Ohio Commerclal fishermen
wasg, however, found to differ from that of the Californla commercial
fishermen. Consultations with Industry experts in the Ohio commercial
fishing industry {ndicated that a dollar of commercial fishing output {is
distributed to other gsectors in the region as $.92 to food processing,
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$.05 to wholesale and $.03 to commerclal fishing. Using this infor-
nation, the row coefficlents are developed for the commercial fishing
gector, while the column coefficients are derived from the California
study. The forestry sector 1s the resldual of the original sector minus
commercial fishing.

The complete regional I/0 model is composed of 43 endogeneous sec=—
tors, 2 of which are generated from a primary survey approach, one from
secondary data sources and the remaining 40 from the 1972 U.S. national
L/0 model updated to 1978 prices. The regional tramsactions, technical
coefficlents and interdependence coefficients are presented in
Appendices D, E and F, respectively.

An Overview of the Regional Economy

The sectoral output, employment and income for the region are pre-
sented 1n Table 4. Except for the agricultural sectors (livestock and
crops), charter fishing, marina and boat sales and commercial fishing,
the reglional outputs for all sectors were coaputed as the national pro-
ductivity of labor (output-employment ratlo) multiplied by the regional
employment (Appendix equation B.3). The outputs for the livestock and
crops sectors were obtained from Ohio Farm Income, OARDC (1979). The
output for the charter fishing and marina and boat sales sectors were
obtained from the primary survey of the respective regional industries,
while the output for the commerclal fishing sector was obtained from
ODNR (Status, 1979).

Employment for the livestock sector was estimated as the livestock
3ectoral output divided by the national per capita livestock produc-
tivity, or the output-employment ratio. Employment for the crops sector
wag estimated similarly. The employmen: data for marina and boat sales
were obtalned from the survey responses while those of commercial
fishing and charter fishing were obtained from ODNR. In 1978, 125 com~
mercial fishing and 83 (in 1982 there were 342) charter fishing licenses
were issued. Since both the commercial fishermen and charter captains
do not work full time during the year, it was necessary to adjust the
respective employment data to reflect only full time employment equiva-
lents. For the commercial fishing Iindustry, it was assumed that an
average commercial fisherman works full time for Four months and
approximately half time for two to threc moaths.i. Based on this
assumption, 52 man-years of employment was estimated for this sector.
For charter fishing, it was estimated that aan average charter captain
worked only half time during the year. This resulted in an estimated 42
man—years of employment for the sector. Employment data for the
renaining sectors were obtained from the Ohio County Business Patterns
data on tape, USDC (1980). The regional lncome for all sectors was
estimated as the sectoral employment multiplied by the sectoral average

4/ The estimated full time employment equivalents for the charter and
commercial fighermen were derived afrer congultations with ODNR,
Division of Wildlife.
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annual labor earnings in the region (Aprendix equation B.4). The sec-
toral average annual labor earnings were obtained from the Ohlio Bureau
of Employment Services (OBESy, 1979).

In Table 4, it 1s shown that in 1978 the region generated a total
of $149.7 billion of output, 1.7 millioo man~years of employment and
$30.6 billioa in income. From the output Information, it is estimated
that a worker in the region produced an average of $87,357 output and
earned an average lucome of $17,868.

Multigliers

The sectoral output multipliers for the endogenous sectors in the
region are listed in Table 5. The motor vehicle equipment sector has
the largest output multiplier of 2.37. This means that a one dollar
increase in final demand for the output of the motor vehicle equipment
industry will result in an additfonal $1.37 of output in the regional
economy. A high output multiplier for a sector usually {mplies that the
sector has a great deal of interdependence with other sectors in the
region, and that a major proportion of its {nputs are supplied by
Industries within the region. This means that an increased final demand
for a sector's output will result In relatively large Increases in the
output of other sectors.

The income multiplier is the total income change in an economy due
to a one dollar change in income of a particular sector in an ecoonomy,
or the total income effect divided by the direct income effect. The
size of the income multiplier 1s affected by the percentage of the total
industry's expenses pald to households in the form of wages, salaries,
interest, rents and profits. The income multiplier is divided into
direct, indirect and total Income effects (Table 6).

The direct income effect 1is the proportion of each dollar of output
that goes directly to households in the form of wages, salaries,
interests, dividends, rents and profits. The direct income effects are
largest for livestock, retall, communications, boat-ship bulilding and
repair, and charter fishing. The lmplication of a high direct income
effect ia that a high proportion of expenses {5 paid directly to the
household (value added) sector. For example, ia the livestock sector,
each dollar of output results in direct payment of $.59 to households.
The size of the direct income effect also reflects the degree of labor
or capital Intensity of a sector. The capital intensive sectors such as
chemicals and allied products, other manufacturing, auto repair ser-
vices, and primary iron and steel manufacturing have relatively low
direct income effects.

The total income effect is defined as the direct income effect
multiplied by the interdepeundence coefficients (Brucker and Cole, 1979).
The total income effects are usually largest for the more labor inten-
aive sectors. 1In Table 6, it is shown that labor intensive sectors such
as retail and communicatlons have large total income effects. For the
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Table 5: Ranked Output Multipliers for Regional

Endogenous Sectors, 1978

Out put
Endogenous Sectors Multipliers

Motor vehicle eguipment 2.37
Charter fishing 2.24
Livestock 2.13
Water traansportation 2.12
Food and kindred products 2.06
Textiles 2.03
Boat=ship building and repair 2.03
Heating, plumbing, fabricated metals 2.01
Other manufacturing 1.99
Primary nonferrous metals 1.96
Finance and Insurduce 1.96
Furniture and fixtures 1.94
Auto repair services 1.93
Marina and boat sales 1.92
Electric and electronic equipment 1.89
Rubber and leather 1.87
Chemicals and allied products 1.85
Other fabricated products 1.83
High technology machinery 1.81
Miscellaneous machinery 1.81
Mineral extraction 1.79
Recreation and amusement 1.78
Paper and allied products 1.77
Eating and drinking establishments 1.77
Stone, clay and glass products 1.76
Primary iron and steel mfg. 1.74
Miscellaneous services 1.74
Construction 1.72
Hotel and lodging 1.67
Non=-water transportation 1.67
Commercial fishing 1.67
Crops 1.64
Electricity, gas and sanitary 1.63
Other mining 1.62
Printing and publishing 1.62
Wood and lumber 1.50
Education services l.44
Health services 1.42
Communication 1.40
Real estate 1.40
Wholesale 1.37
Retail 1.35
Forestry products 1.33
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Table 6. Ranked Income Multipliers, Direct, Indirect and

Total Income Effects for Reglonal Endogencus

Sectors, 1978

Income Effects

Endogenous Income {per § of final demand)
Sectors Multiplier Direct Indirect Total
Motor vehicle equipment 3.22 .13 .29 42
Marina & boat sales 2.87 .28 .51 .79
Textiles 2.72 .16 .28 44
Livestock 2.69 .59 1.01 1.60
Water transportation 2.58 .28 A4 .72
Food and kindred products 2.58 .09 .13 22
Other Manufacturing 2.37 .05 .08 .13
Boat=ship bldg. & repair 2.28 .35 ~47 .82
Primary nonferrous metals 2.25 .11 .14 +25
Charter fishing 2.24 «34 42 76
Furniture & fixtures 2.22 .20 .24 A4
Heating, plumbing,
fabricated wmetals 2,20 .14 .16 -30
Finance & insurance 2.09 .11 +13 « 24
Chemicals & allied products 1.97 .06 .06 .12
Paper & allied products 1.95 .17 .16 .33
Rubber & leather 1.92 .13 12 25
Electriec & electronic equip. 1.90 +23 21 b
Eating & drinking 1.87 .09 .08 17
Auto repair service 1.87 .06 .05 .11
Other fabricated metals 1.82 14 12 «26
Construction 1.82 14 .12 .26
Primary iron & steel mfg. 1.80 .09 .07 .16
Recreation & amusement 1.80 17 14 <31
Stone, clay, glass products 1.78 .18 .15 +33
Miscellaneous machlnery 1.77 .15 .12 27
High technolegy machinery 1.76 .18 14 .32
Mineral extraction 1.74 .27 .19 W46
Miscellaneous services 1.72 .12 .09 21
Hotel & lodging 1.64 .20 .12 .32
Electricity, gas & sanitary 1.64 .06 04 .10
Wood & lumber 1.64 .12 .08 +20
Crops 1.61 .10 .07 #17
Non-water transportation 1.59 . 24 .14 -38
Commercial fishing 1.57 .18 .10 +28
Printing & publishing 1.55 .29 .15 ohh
Other aining 1.52 .10 .05 «15



Table &, continued

Income Effects

Endogenous Income (per § of final demand)
Sectors Multiplier Direct Indirect Total
Educational services 1.35 .20 07 .27
Health services 1.32 .06 .02 .08
Real estate 1.30 .05 02 .07
Communication 1.28 41 .11 .52
Wholesale 1.25 .18 .05 .23
Forest products 1.24 .08 .02 .10
Retail 1.24 Ny .10 +52

capital intensive sectors, such as electricity, gas and sanitary, auto
repair services, and chemicals and allied products, the total income
effects are lower.

The indirvect income effect is the difference between the total
lncome effect and the direct iacome effect. The Iindirect income effect
i1s highest for livestock. A high indirect income effect usually implies
that a sector is highly intecrdependent with the rest of the economy, and
thus its purchases will produce lacreased lacomes in many sectors. From
Tables 5 and 6, it 1s seen that all the sectors with high indirect
lncome effects also have high output multipliers.

The sectoral income multipliers showan In column one of Table 6
ranked by size. Motor vehicle equipment has the highest 1lacome
multiplier of 3.22. A $1 1ncrease in the Income of the motor vehicle
equipment londustevy will generate additicnal income of $2.22 in the
regional economy.

The employment multiplier measures rhe total employment change in
the ecanomy per unit change in employment in a given sector. The
employment multiplier, like the output and income nultipliers, can be
divided into direct and indirect effects (Table 7). The direct
employment effect measures the change in employment of a particular
Industry in response to a change in final demand. Tt is estimated as
the ratio of total sectoral employment to total sectoral output. More
labor intensive sectors will hire more people per unit increase in final
demand, and this results ian a higher direct employment effect. For
example, the direct employment effects are highest for retaill, marina
and boat sales, hotel and lodging, miscellaneous services and recreation
and amusement. Sectors with low direct employment effects are usually
the caplital iatensive sectors.

The total employment effect i3 defined as the direct employment
effects multiplied by the interdependence coefficlents. The total
employment effect measures the total employment change directly and
indirectly resulting from a final demand change in a particular reglonal
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Table 7. Raoked Employment Multipliers, Direct, Indirect and
Total Employment for Regional Endogenous Sectors, 1978

Employment Effects
(man-yrs/$million

Endogenous Employment of final demand)
Sectors Multipliers Birect Indirect Total
Chemicals & allied products 3.47 3.1 7.7 10.8
Motor vehicle equipment 3.12 6.4 13.6 20.0
Food & kindred products 3.00 6.18 12.3 18.5
Other mining 2.84 3.36 6.1 9.5
Charter fishing 2.83 20.6 37.7 58.3
Auto repair services 2.62 6.2 10.0 16.2
Finance & insurance 2.58 9.6 15.2 24.77
Electricity, gas & sanitary 2.50 3.5 5.3 8.75
Primary nonferrous metals 2.31 7.0 9.2 16.2
Construction 2.21 8.9 10.8 19.7
Primary iron & steel mfg. 2,15 6.1 7.0 i3.1
Health services 2.11 5+18 5.7 10.9
Water transportation 2.09 13.1 14.3 27.4
Textiles 2.00 10.87 10.8 21.7
Heating, plumbing &
fabricated metals 1.92 10,2 9.4 19.6
Other fabricated wmetals 1.91 8.9 8.1 17.0
Miscellaneous machinery 1.88 9.4 8.3 17.7
Real estate 1.88 5.2 4.6 9.8
Electric & electronic equip. 1.85 11.8 10.0 21.8
Paper & allied products 1.84 10.1 8.5 18.6
Rubber & leather 1.83 10.3 8.5 18.8
Livestock 1.74 18.1 13.4 31.5
Stone, clay, glass products 1.73 11.87 8.6  20.5
High technology machinery 1.73 12.0 8.8 20.8
Other manufacturing 1.71 16.8 11.9 28.7
Furniture & fixtures 1.69 14.60 10.1 24.67
Minaral extraction 1.61 13.3 8.1 21.4
Wood & lumber 1.57 9.9 5.6 15.5
Boat=ship bldg. & repair 1.55 20.0 11.0 31.0
Non-water transportation 1.54 16.9 9.1 26.0
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Table 7, continued

Employment Effects
{man-yrs/$million

Endogenous Employment of final demand)
Sectors Multipliers Direct Indirect Total
Marina & boat sales 1.53 41.2 21.9 63.1
Forestry products 1.51 8.82 4.5 13.3
Crops 1.51 12.9 6.6 19.5
Commercial fishing 1.50 20.8 10.4 31.2
Wholesgale 1.47 12.36 5.84 18.2
Printing & publishing 1.46 19.4 8.9 28.3
Recreation & amusemeat 1.44 29.8 13.1 42.9
Eating & drinking est. 1.42 20.7 8.7 29.4
Miscellaneous services 1.31 30.7 9.5 40,2
Communications 1.27 25.2 6.8 32.0
Education services 1.22 26.6 5.9 32.5
Hotel & lodging 1.22 38.5 8.5 47.0
Retail 1.09 57.2 5.1 62.3
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sector. The marina and boat sales sector has the largest total
enployment effect of 63.1. This means rhat a one millioan dollar change
in the output of the marina and boat sales sector will generate a total
of 63.1 man-years of employment in the regioa.

The indirect employment effect is the difference between the total
employment effect and the direct employment effect. The sectors with
high indirect employment effects are usually relatively capital inten—-

give, and tend to have higher output multipliers. The large indirect
employment effect for charter fishing 1s probably due tc a large
interaction with marina and boat sales.

The empleoyment multiplier Is defined as the ratlo of direct and
indirect employment to direct employment (Table 7). The sectors with
high employment multipliers are the capital intensive sectors. These
capital intensive sectors have low direct employment effects and relati-
vely high indirect employment effects. Also, sectors with high direct
employment effects (labor intensive sectors) have high total employment
effects. Labor intensive sectors are most capable of generating high
total employment effects, but because they do not interact very much
with other sectors in the economy, these sectors have less capacity to
generate indirect effects.

The Lake Erle Econonic Sectors

The Lake Erie economic sectors are commercial fishiag, charter
fishing, water transportation, mineral extraction and marina and boat
sales (Table 4). These sectors are defianed as Industries that are clo-
gely tied to Lake Erie economlc activities. In addition, part of amuse-
ment and recreation Is considered to be a Lake Erie sector.

The Lake Erie sectors are relatively swmall in terms of output,
employment and income. These five sectors together produced $362.1
million of output, 5101.4 million of fancome and generated 7,375 man=
years of employment Ln 1978 and accounted for less than 0.5 percent of
the total regional output, income and enployment.

Water trangportation had the largest output and income in 1978,
with an average worker being paid $22,160 annually and producing $76,592
of output. Marina and boat sales recorded the largest employment.

Among the Lake Erie sectors, the charter fishing, water transportation
and marfna and boat sales sectors have high multipliers. Charter
fishing and water transportation are both ranked among the top fifteen
gectors with respect to output multipliers. Marina and boat sales,
charter fishing and water transportation are ranked among the top fif-
teen sectors for income multipliers.

Among the Lake Erie sectors, the highest direct Income effect per
$1 of income is $.34 for charter fishing (Table 6). Others with relati-
vely high direct income effects are water trangportation and marina and
boat sales. The lowest direct income effect is shown by the commerclal
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fishing sector, where a $1 increase in Final demand results in addi-
tional payment of $.18 to households in the form of wages, reants, pro-
fics, etc.

The indirect income etfects for the Lake Erie sectors are relati-
vely high. High indirect effects signal capital intensity and indicate
that a sector has relatively high interdependencles with other reglonal
sectors.

Charter fishing is the only Lake Erfe sector ranked in the top fif-
teen in employment multipliers (Table 7). Water transportatfon and
mineral extraction also have relatively high employment multipliers.

The direct employment effect is relatively high for the Lake Erie sec-~
tors. Marina and boat sales, charter fishing and commercial fishing all
have relatively high direct employment effects.

The interrelationships among the five endogenous Lake Erle sectors
and the rest of the regional economic sectors, as measured by the Impact
of an Increase of $100 in final demand for each of the five Lake Erie
sectors, are shown ia Table 8. In colunmn one, the results for the
charter fishing sector are shown. This column represents the charter
fishing column of the fnterdependence coefficient matrix (Appendix F)
wultiplied by $100.0. The greatest output effect is shown for the
marina and boat sales sector (70.53). The charter industry buys a
substantial amount of its {nputs (boats, boating supplies, bait, tackle,
dockage, etc.) from marina and boat sales.

A $100 increase in final demand for the commercial fishing sector
will have the greatest effect on finance and insurance. With respect to
marina and boat sales (column 3), the effect is greatest on the marina
and boat sales sector itself. This may be explained by significant
internal purchases within the sector. For water transportation, the
largest lmpact is on water transportation itself, while for mineral
extraction, the greatest effect is on chemicals and allied products.

In Table 9 is shown how the Lake Erie sectors' output is distri-
buted among other endogenous sectots under the assumptlon that final
demand lncreases by 3100 in every sector. Such an Increase may yield
different results from a proportional increase in final demand for all
sectors, because the sectors are very different ln size (see Table 5).
The respective flgures represent each Lake Erie sector's row of the
lnterdependence coefficlents matrix multiplied by $100. For example, in
column one, the charter fishing sector sells virtually nothing to other
endogenous sectors in the region. It sells nearly everything to final
demand (households and exports).

Commercial fishing sells $3.10 for iaternal use per $100 increase
in final demand for all endogenous sectcrs and sells $.11 to food and
kindred products. A high proportion of the commercial fishing sector's
output goes to food and kindred products, but that sector is so large
compared to commercial fishing that its sales are a small proportion of
food and kindred products’ Input purchases.
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For a §$100 increase in final demand for all sectors, marina and
boat sales sells $70.00 of output to charter fishing, and $24.00 is used
{aternally by marina and boat sales. The water transportation sector
makes 1t largest output sales to itself ($31.40). The mineral extrac—
tion sector makes its largest output sales to construction (53.36). The
information from Tables 8 and 9 is summarized in Table 10.

The Lake Erie sectors depend very much on miscellaneous gservices,
finance and insurance, and boat-ship building and repair for input
purchases (Table 10). The charter fishing, commerclal fishing, and the
marina and boat sales sectors tend to depend on the same sectors for
input purchases. The water transportation and mineral extraction gec-
tors both depend on chemicals and allied products as thelr largest input
supplier. The charter fishing and the marina and boat sales sectors are
quite dependent on each other for input purchases and output sales. The
outputs of the rewaining Lake Erie sectors are sold mainly to other
industries in the region. The output sales show much greater diversity
than the input purchases patterns.

Economic Jmpacts of the Lake Erie Endogenous Sectors

In 1978, the five endogenous Lake frie sectors (Table 5) together
generated $362.1 million output, $10l1.4 million income and 7,375 man-
years of employment. If these sectors were eliminated and not replaced
by any alternmative activities In 1978, the region would have lost this
output, income and employment plus the indirect effects these sectors
create through their linkages with other reglional economic sectors. The
total (direct and {ndirect) impacts of these five sectors on the
regional economy as estimated using the adjusted output multiplier and
the adjusted income and employment effects are presented in Table 11.

In column one is shown the total output impact and the distribution
of the impact among the Lake Erie eundogenous sectors. It is estimated
that water transportation made the largest contribution of $287.1
million to the region's output in 1978. The sectoral impacts are esti-
mated by Appendix equation A.20, as the total sectoral output (Table 5)
multiplied by the sectoral adjusted output multiplier.

The commercial fishing sector sells a significant proportion (92
percent) of its total output to food and kindred products. If the com=
mercial fishing {mpact on the regloral output was limited to the value
estimated by equation A.20, its impact would be underestimated. While
the commercial fishing sector purchases inputs from several sectors in
the economy, nearly all of its output goes to food and kindred products.
This forward linkage supports incorporating the processing value added
into the lmpact of the commercial fishing industry. To incorporate this
forward linkage, the dollar value of commercial fishing output sold by
food and kindred products ($5.72 million) is multiplied by the adjusted
output multiplier of the food and kindred products sector to obtain the
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table 1l. Total Output, Income and Employment Impacts of the
Endogenous Lake Erie Fishery and Other Lake Erie
Endogenous Sectors, 19738.

Endogenous Total Outputéf Total Incomehj Total Employmentﬁj
Sectors ($ Millions) ($ Millions) (Man—Years)

Commercial fishing 9.83 1.03 103.5
Charter fishing 4,51 1.55 117.39
Water transportation 287.11 97.51 3j,710.76
Mineral extraction 154.79 39.78 1,850.55
Marina and boat sales 141.95 58.41 4,665.38
Estimated overlap -3.15 -1.08 «82.17
Total for Lake Erie sectors 595.01 197.20 10,365.42
Amusement and recreation 80.76 14.06 1,%946.50
Total 675.77 211.26 12,311.92
Source:

a/ Calculated by Appendix equation A.20.
b/ Calculated by Appendix equation A.22.

¢/ Calculated by Appendix A.2l.

estimate of $9.83 million in Table 1.2 This estimate 1s based on the
assumption that eliminatfon of the commercial fishing sector in the
reglon will reduce the output of the fouod and kindred products sector by
$5.72 million. It is therefore an upperbound estimate. If {t is
assumed that the elimination of the commercial fishing sector does not
affect the output of the food and kindred products (i.e. food and
kindred products increases its imports to make up for the loss of Lake
Erie commercial fish inputs) the estimate of the commercial fishing

5/ The value of the commercial fishing output sold by food and kindred

~ products 1s estimated as the output of commercial fishing sold
directly to food and kindred products ($2.3 million) divided by the
welghted average of the technical coefficients of food and kindred
products (.402) for the commercial fishing sector. The welghted
average technical coefficients for the food and kindred products
sector was calculated from the King and Shellhammer (1981) study of
California commercial fisheries. The technical coefficients from
King and Shellhammer ave preferred to the technical coefficients of
food and kindred products from this study since it is more disaggre-
gated and could provide a much more accurate estimate of the value of
commercial fishing output to the fooé and kindred products sector.
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sector's impact on regional output is $4.05 million. The $4.05 million
is estimated as the sectoral adjusted output multiplier for commercial

fishing multiplied by the sectoral output change, and is considered to

be the lower bound of commercial fishing's impact. Throughout the ana-
lysis, the upper bound estimate {s used.

There is a substantial overlap between charter fishing and marina
and boat sales. This overlap is estimated as the direct and indirect
loput requirements per dollar of final demand of charter fishing from
marina and boat sales (the marina and boat sales element of the charter
fishing column in Table 8 divided by 100), multiplied by the total out-
put impact of charter fishing as estimated by equatioa A.20. The esti=
mated total reglonal output fimpact is adjusted downwards by the
estimated output overlap to obtain the adjusted regional output impact
of 3595 million.

For water transportation, the estimated income impact is $97.5
million. The income ilmpacts are estimated by Appendix equation A.22 as
the total output multiplied by the ratio of sectoral total income
effects (Table 6) to the sectoral diagonal element of the interdepen—
dence coefficients matrix {Table 8). For commercial fishing, the total
income Impact was calculated similarly to the output impact to reflect
its extensive sales to the food and kindred products sector. The §5.72
million sold to food and kindred products is used in equation 4,22 to
obtain §1.03 million shown for commercial fishing in Table 11.22 Like
the output impact, the regional total income impact is adjusted to
reflect the overlap between charter fishing and marina and boat sales.

It is estimated that in 1978 marine and boat sales generated
(directly and indirectly) a total of 4,665.4 man~years of employment in
the region. The sector impacts are estimated by Appendix equation A.21,
as the total sectoral output change {Table 5), multiplied by the
adjusted sectoral total employment effects, defined as the ratio of
total employment effect (Table 7) to the diagonal element of the inter—
dependence coefficlents matrix (Table 8) of a given endogenous sector.

The employment impact of the commercial fishing sector 1s estimated
as 103.5 man-years. This is estimated by equation A.2l, and is similar
to the estimation of the income impacts, except that tota} employment
effect (Table 7) is used instead of total income effect .l The
regional employment impact, like output and income, 1s adjusted down-
wards to remove the employment overlap between charter fishing and
marina and boat sales.

Amusement and Recreation. Lake Erie and its resources offer many
recreational and amusement opportunities. For example, the state

6/ The lower bound estimate is $0.68 million.

7/ The lower bound employment impact estimate i{s 69.6 man=years of
employment.
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operates slx state parks along Lake Erie's shoreline, which offer
swimming, beoating, hunting, camping, cabins and natural tralls. 1t 1s
estimated that these state parks annually attract more than three
nillion visitors (Public, 1979). The amusement and recreation services
sector is defined to include dance halls, studios, schools, theatrical
producers, bands, orchestras, entertainers, bowling alleys, billiards
and pool establishments, commercial sports, public golf courses, coin
operated amusement devices, amusement parks, membership sports and
recreation clubs (Executive Office of the President, 1972, pp. 317-19).
Based on the output, income and employment distribution of the com-
ponents of this sector and the size of the sector, ten percent of the
recreational and amusement sector 1s estimated to be directly tied to
Lake Erie and its resources. Based on this assumption, and using
Appendix equations A.20, A.22, and A.21 respectively, it is estimated
that an additional $80.8 million of output, $14.1 million of income and
1,946.5 man-years of employment are attributable to Lake Erie and its
resources.

When these estimates are added to the economic lmpact of the five
Lake Erie endogenous sectors (Table 11), the estimated economic ilmpact
of Lake Erie on the region's output, income and employmwent are respec-
tively, $675.8 million, $211.3 million and 12,311.9 man-years,
accounting for 0.4, 0.7, and 0.7 percent of the regicnal cutput, income
and employment, respectively, in 1978.

Lake Erie Sport Fishing

Ohio Lake Erie sport fishing is defined to include private boat
fishing and charter hoat fishing in this study. This excludes all shore
fishing activities in the region. The economic impact of sport fishing
activities estimated in this section 1s not an addition to the Lake Erie
economic {mpacts estimated in the previous section. Sport anglers
purchase major portions of their supplies from the marina and boat sales
and charter industries.

Sport fishing is considered as part of the final demand sector in
this study. Because this 1s an exogenous sector, its lmpacts on output,
income and employment are estimated through direct purchases from the
processing sectors in the regiomal economy. The magnitude of the {mpact
of sport fishing activity on the regional economy is directly related to
the degree of 1its interactions with other regional processing sectors.
The 1981 expenditures data for private boat anglers were developed from
the surveys conducted by Winslow (1982). Respondents were asked to
allocate their fishing expenditures among reglonal economic sectors from
which they purchase their fishing inputs. Private boat anglers who were
residents of the study region were assumed to make thelr total fishing
expenditures within the study reglon. Anglers who resided outside of
the study region were asked to indicate the percentage of their total
fishing expenditures made within 20 miles of the launch site. From
these private boat angler responses, the lmport component of private
boat fishing expenditures was estimated.
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Private boat angler expenditures per person per fishing day were
estimated and distributed among the economic sectors from which purcha=-
ses were made. Using 1981 total (western and central basin) private
boat angler hours of 10,515,751 (Status, 1982) and survey information on
angler hours per day, total expenditures per person per season were
blown up to get total private boat angler expenditures for 1981 of $65.0
million (Table 12). The 1981 private boat angler expenditures were
ad justed downwards to reflect 1978 prices and 1978 angler hours. The
congumer price indices (USDC,, 1979) for the respective sectors from
which private boat anglers buy inputs were used to deflate the 1981
expenditures to 1978 prices. Expenditures were then adjusted from 1981
to 1978 levels by the ratio of 1978 to 1981 angler hours. The 1978
total private boat angler expenditure is estimated as $37.8 million.

The survey responges indicate that about 30 percent or $11.2 million of
1978 expenditures was imported from outside the study region.

Charter boat fishing 1s small compared to private boat fishing. 1In
1981, ODNR estimated lake-wide total charter fishing hours of 181,400,
of which 132,000 were devoted to walleye fishing. The expenditure esti-
mates for charter boat anglers are derived from the expenditure pattern
af the private boat anglers. It is assumed rthat expenditures per day om
hotel and lodging, retall, imports, miscellanecous services, and eating
and drinking are similar for both the private boat anglers and charter
boat anglers. The private boat angler expenditures per day in these
sectors were used as estimates of charter boat angler expenditures per
day. Charter boat anglers were assumed to purchase their bait and
tackle from the marina and boat sales sector. The estimated direct

Table 12. Total FPFrivate Boat Angler Expenditures by Sector,
1981 and 1978 ($ Million)

19812/ 19782/ % of Total

Regional Sectors Expenditures  Expenditures (1978)
Marina and boat sales 25.7 15.2 40,2
Boat=ship building and repairs 2.3 1.3 3.5
Charter fishing 0.4 0.2 N
Eating and drinking 5.9 1.4 9.0
Retall 8.6 4.9 13.0
Hotel and lodging 2.4 1.4 3.6
Miscellaneous services .3 .2 «5
TaportsS: 19,3 11.2 29.7
Total 65.0 37.8 100.0

- — g - - -

a/ Computed from responses.

b/ 1981 expenditures adjusted for relative prices and sport anglers hours
change between 1978 and 1981.

¢/ Private boat angler expenditures outside the study reglon.
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expenditures on bait and tackle were derived from the private boat
angler expenditures survey.

Boat purchases and boating supplies from marina and boat sales were
excluded because boating services are rented frow the charter industry.
Expenditures by charter boat anglers on charter fishing (charter
captains) were assumed to equal the $2.04 million total output of the
charter fishing sector (Table 4) less $.21 million total direct expen-
ditures reported by private boat anglers in the charter fishiong industry
(Table 12). Based on this assumption, it is estimated that charter boat
anglers spent $1.83 willion directly in the charter fishing industry in
1978.

Estimated Economic Impact of Private Boat Fishing

In 1978 private boat anglers expended an estimated $37.8 million,
of which $26.6 million was spent in the region. In Table 13 is shown
the sectoral distribution of the private boat angler expenditures for
1978. The largest expenditures were for the output of marina and boat
sales (40 percent). A major proportion of the private boat fishing
inputs (boat, boating supplies, tackle, dockage, etc.) are components of
the marina and boat sales sector.

Bach sector's impact on output is estimated as direct spending
multiplied by the sectoral output multiplier. Marina and boat sales

Table 13. Impacts of Private Boat Angler Expenditures on Total
Reglional Output, Income and Employment 1978

Direct

Spendingﬂf Outputkf Incomeﬂf Employmentgl
Regional Sectors ($ Millions) ($ Millfons) ($ Millions) (Man-Years)
Marina and boat sales 15.20 29.20 12.00 959.10
Boat-ship buillding and
repairs 1.30 2.64 1.07 40.00
Charter fishing 0.21 0.47 O.16 12.30
Eating and drinking 3.40 6.02 0.58 100.00
Retail 4.90 6.61 2.55 305.27
Hotel and lodging 1.40 2.34 0e45 65.80
Miscellaneous services 0.18 0.31 0.04 7.11
Total 26.60 47,59 16.85 1,489.31

a/ Computed from survey responses.

b/ Computed as the output multiplier muitiplied by direct spending.

¢/ Computed as total income effects (Table 6) multiplied by direct
spending.

d/ Computed as total employment effects (Table 7) multiplied by direct
spending.
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generated the largest output impact of 329.2 million (Table 13). The
estimated total impact of private boat angler expenditures in 1978 is
$47.6 million in output.

The impact on regional fncome 1s estimated as direct spending
multiplied by the sectoral total income effects per one dollar change in
final demand (Table 6). It is estimated that in 1978 private boat
angler expenditures in the region generated $16.8 million of incone
throughout the regional economy. The sector with the greatest income
impact was marina and boat sales at $12.0 million.

The total employment created in the regional economy due to the
expenditures of private boat anglers in 1978 is 1,489.3 man-years. Each

sector's total employment impact is estimated as the direct spending
multiplied by the sectoral total employment per one million dollars of
output (Table 7). Marina and boat sales generated the largest
employment impact.

Estimated Economic Impact of Charter Fishing

In Table 14, charter angler expenditures in the region and the
estimated economic lmpact of these expenditures oa reglonal ocutput,
Locome and employment are presented. In 1378 charter boat anglers speant

Table 14. Tmpacts of Charter Boat Angler Expenditures on Total
Regional OQutput, Income and Employment, 1978

- — - - -

Direct
Spending?/ Out putl’ IncomeS! EmploymentS/
Sectors ___ (s Millions) (§ Millions) ($ Millions) (Man-Years)

Charter fishing 1.83 4.09 1.39 106,69
Eating and drinking 0.10 0.18 0.02 2.94%
Retail 0.16 0.22 0.08 9.97
Hotel and lodging 0.04 .07 0.01 1.88
Miscellaneous services 0.01 0.02 0.002 0.40
Marina and boat sales 0.01 0.02 0.01 0.63
Total 2.15 4,60 1.51 122.51

—— o i— - - -

a/ Derived frow private boat angler survey respouses using 1978 charter boat
angler hours.

b/ Computed as the output multiplier wultiplied by direct spending.

E/ Computed as total income effects (Table 6) multiplied by direct
spending.

d/ Computed as total employmeat effects (Table 7) multiplied by direct
spending.
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$2.15 million in the region. The largest expenditures of the charter
anglerg were for the output {services) of the charter fishing industry.

The estimated impact of charter angler expenditures on reglonal
output 1s estimated as the direct spending by charter anglers in that
sector multiplied by the sectoral outpur multiplier. This is summed for
all sectors to obtain the total regional output impact estimated at $4.6
million. Charter fishing has the highest output {mpact among all the
sectors from which charter boat anglers make direct purchases.

As a result of the charter angler expenditures, reglonal income and
employment increased throughout the region in 1978 by $1.5 million and
122.5 man-years, respectively. The total income {(employment) impact for
each sector is estimated as the total direct spending multiplied by sec-
toral total income (employment) effects per one dollar change in final
demand.

Estimated Total Economic Impact of Ohio Lake Erie Sport Fishing

To estimate the total impact of Oh:io Lake Erie sport fishing on
regional output, income and employment, the impacts of the private boat
anglers (Table 13) and of the charter anglers (Table 14) are summed in
Table 15. The two sport fishing activities resulted in total direct
expenditures of $28.7 million in 1978. The total impact of this expen—
diture on the region's output, income and employment in 1978 is esti-
mated, respectively, as $52.2 million, 518.3 million and 1616.0
man-years.

Allocation of Lake Erie to Commercial Versus Sport Fishing

The economic impact of potential policies and regulaticons of the
ODNR on the commercial fishing sector, on sport fishing and on the

Table 15. Total Eccnomic Impact of Ohio Lake Erie Sport Fishing, 1978

Direct
Spending Output Income Employment
Sectors ($ Millions) ($ Millions) ($ Millions) (Man-Years)
Marina and boat sales 15.21 29,22 12.01 959.73
Boat, ship building
repalr 1.30 2.64 1.07 40.00
Charter fishing 2.04 4460 1.51 122.51
Eat and drink 3.50 t.20 0.60 102.94
Retail 5.06 t.83 2.63 315.24
Hotel and lodging 1.44 .41 0.46 68.13
Miscellaneous services 0.19 0.33 0.04 7.51
Total 28.74 52,23 18.32 1,616.05

Source: From Tables 13 and 14.
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regional economy are analyzed i{n this section under two alternative
policy scenarfos: (1) the allocation of the total Lake Erie fish har-
vested in 1978 to sport anglers, with nc commercial fish harvest, and
(2) the allocation of the total Lake Erie fish harvested in 1978 to com—
mercial fishing, eliminating sport fishing in the region. The base sce=-
nario, to which the alternatives are compared, is the actual 1978
distribution of fish harvests between spott and commercial fishing ana-
lyzed in the previous two sections. These scenarios are used to examine
the trade=off in economic lmpacts.

In these analyses, 1t is assumed that commercial fishing effort
will change proportionally to harvest. For sport flshing, however,

changes in effort from no response to proportional response are examined
for scenario one. For scenario two, the sport fishing response is
assumed to be proportional.

Allocation to Sport Fishing (Scenario Cre)
In this scenario, the total Lake Erie fish harvested in 1978 is
allocated to sport anglers with no commerclal fish harvests. Sport

anglers and commercial fishermen together harvested fish valued at $9.3

Table 16. Estimated Lake Frie Fish H?rvests of Major Specles
and Price Per Pound, 19782

Sport Cormecial Average Total

Harvests Harvests Price Value of

Specles lbs. % 1bs. % Per 1b. Harvests&:
Yellow Perch 2,549,000 56 1,961,000 44 $ 67 2,961,400
Walleye 3,339,000 100 0 0 s1.25®/ 4,173,750
White Bass 737,500 31 1,623,000 69  $ .63 1,486,800
DBrum 800,000 43 1,176,000 57 $ .05 132,800
Channel Catfish 189,500 48 204,500 52 $ .54 212,760
All others na na 4,114,500 100 $ W11 452,595
Total 7,605,000 46 9,079,000 54 9,390,105

E/ The 1978 estlmated Lake Brie flsh harvests data is found {n Status
(1979).

b/ Commercial fishermen were not allowed to take walleye in 1978. The
average price per lb. estimate 1is the price received by Canadian
commercial fishermen for walleye in 1978.

EJ Total value of harvests is estimated as the average price per pound
multiplied by total pounds of specie harvested. The monetary value
for the sport angler harvests are based on dock value prices received
by commercial fishermen ian 1978,

na = not avallable
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million in 1978 when valued at dockside prices (Table 16). The sport
angler share was $6.4 mi}lion (68.6 percent). The commercial fishing
share was $2.5 million.8/ ynder this scenario, the $2.5 million fish
harvested by commercial fishermen would be made available to saport
anglers.

The commercial fishing fmpact of chis policy on the economy will be
not only the loss of $2.5 million commercilal fishing output, but also
the output, income and employment that this sector creates directly and
indirectly through its liokages with oiher regional econmomic sectors.
The total economlc {mpacts on output, income and employment are esti-
mated using the estimated output of food and kindred products resulting
from commercial fishing purchases and Appendix equations A.20, A.22 and
A.21, respectively, and preseated in Table 11. This policy would result
in a decrease of $9.83 million in output, $1.03 million i{n income and
103.5 man~years of employment (Table 17). The distributioa of thege
decreases will be largest in sectors that are most closely related to
the commercial fishing (Table 8) and food processing sectors.

Lake sport anglers gain an additional $2.5 million of fish to be
harvested. It {s not likely that all of these fish would be harvested
by sport anglers. Some species are currently not sought by sport
anglers. From Table 16, it 18 estimated that B6 percent or $2.1 million
(yellow perch $1.10 million, white bass $0.88 million and catfish $0.09
million) of the commercial fish harvested in 1978 are specles sought by

Table 17. The Net Economic Impact Due to the Elimination of the
Commercial Fishing Sector from the Region, 1978

ﬁbmmercia} Net
Fishing? sport Fishing®  Ecouonic
Expected Decreases Expected Increases Impacts
Output ($ millions) 9.83 0 to 20.37 -9.83 to 10.54
Income ($ millions) 1.03 0 to 7.14 -1.03 to 6.11
Employment (man=~years) 103.5 0 to 630.26 -103.5 to 526.76

a/ From Table 11.

Ey The estimated maximum output, income and employment Increases are
calculated as 39 percent of the output, lucome and employment Impacts
in Table 15.

8/ The estimated total value of the commerclal fish harvests in Table 16

T 1s $2.9 million. This {s different from the ODNR value of $2.5
million. This discrepancy may be due to the use of average (fish)
price per pound in the estimates of Table 16. 1In this study the ODNR
estimate of $2.5 million for commerclal fishing and %6.4 million for
sport fishing Is used throughout the analysis.

39



sport anglers. If sport anglers made no additional expeaditures to har-
vest these fish, then the expected incresse in economic impact from
sport fishing is zero (Table 17, column 2). Since the primary gpecies
made available from this policy is yellow perch, which is harvested in
the autumn, it {s not obvious that sport anglers will make major new
expenditures to harvest these fisgh.

1f sport anglers increase expenditures for the newly availlable fish
in proportion to those expenditures on which the model {8 based, then an
additional $2.5 millicn of fish allocated to sport fishing implies a 39
percent increase in sport angler expendi:ures over 1978 expenditures, or
an increase of $511.2 million. This increase would result in an addi-
tional $520.4 willion of output in the regional economy, or 39 percent of
the total output impact tn Table 15. The maximum impact of the sport
angler expenditures on the reglon's income is 37.1 million in 1978,
while the estimated maximum employment {lmpact is 630.3 man-years.

In the last column of Table 17 are shown the net economic impacts
of the elimination of commercial fighing from the region and allowing
the sport sector to harvest the $2.5 million commerclal harvest. These
estimates are negative or positive depending upon the amount of addi-
tional gport amgler expenditures. Two factors would keep sport anglers
from increasing expenditures by $11.2 miilion. PFirst, about 15 percent
of the value of fish species released to sport fishing is of species not
gought by sport anglers. Second, yellow perch fishing 13 concentrated
in the autumn after the peak sport fishing season. If the region is to
break even frowm this policy scenario, sport anglers would have to
increase thelr expenditures by at least 35.4 million to generate a total
economic impact large enough to offset the loss of commercial fishing
activity. This means that sport angler axpenditures would have to
increase by about 19 percent of 1978 sport angler expeanditures.

Allocation to Commercial Fishing ({Scemnario 2)

Under alternative policy scenario 2, the total $9.3 million of Lake
Erie fish harvested in 1978 is allocated to the commerclal fishing sec—
tor, 1n effect eliminating sport fishing activity in the region, or an
additional $6.4 million of fish to be harvested by commerclal fishermen.
It is assumed that the allocation of the sport fishing harvests to com~
mercial fishing would directly increase commercial fishing output by
$6.4 million over its 1978 level of $2.5 million, which is 2.56 times
the 1978 commercial fishing output. The estimated increases in reglonal
output, income and employment due to the increased commercial fishing
activity in the regional are estimated by Appendix equations A.20, A.22
and A.21, respectively, or as 2.56 multi>lied by the respective output,
income and employment impacts of the commercial fishing sector in Table
11.

As shown in Table 18, the allocation of the total Lake Erie fish
harvests to commercial fishing would increase reglonal output, income
and employment from commercial fishing, respectively, by $25.16 million,
$2.64 million and 265.0 man-years. Thes= estimates llke those in Table
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11 take account of the extensive forward linkages of the commercial
fishing sector to food and kindred products.

Elimination of sport fishing from the region would imply the elimi=-
natior of sport angler expenditures and their estimated impact that 1is
presented Iln Table 15 and is repeated in Table 18. The net losses in
regional output, income and employment from policy scenarlo 2 are esti-
mated respectively as $27.1 million, $.5.7 million and 1,351.0 man-—
years.,

Sunmary

The analysis of the trade-off between commerclal and sport fishing
in the region implies that for every $] million commercial fish allo-
cated to sport fishing, food and kindred products output declines by
$2.3 million ($5.72 million 2.5), which reduces regional output by an
estimated $3.9 million, income by $0.41 million, and employment by 41.4
man—years. At the same time sport anglers are expected to respond to
changes in fish avallable for harvest. This expected response ranges
from zero response to a respouse proportional to the new allocation of
fish (Table 17). If sport anglers do not increase expenditures, the
region loses the decrease in commercilal generated output, income, and
employment. 1If sport anglers make a proportional increase in expen~
ditures of $4.5 million, the reglon would gain $8.2 million in output,
$2.8 {n income and 253.2 man-years of employment from sport fishing. At
this upper bound, the net gain to the reglon would be $4.3 million of
output, 5$2.4 million of income, and 211.8 man-years of employment. How
much sport anglers increase their expenditures depends on their response
to ilncreased avallability of yellow perch in the autumn.

Table 18. The Net Economic Tmpacts of Elimication of Sport Fishing
Activity in the Region, 1978

Commercial Fishing®’ _ Sport Fishing® Econontc

Expected Increases Expected Decreases Impacts
Output ($ millions) 25.16 52.23 -27.07
Income (S millions) 2.64 18.32 -15.68
Employment (man-years) 265.0 1,616.,05 -1,351.05

gj The estimated output, Income and employment Increases are calculated
by Appendix equations A.20, A.22 and A.2l, respectively, or as 2.56
multiplied by commerclal fishing estimates in Table 1ll.

b/ From Table 15.
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Conclusiogg

The general objective of this study was to examine the economic
impact of the Lake Erie fishery and other Lake Erie industries on the
Northern Ohlo reglonal economy. This objective was accomplished by
developing a 43 sector lnput-output model for a seveateen county region
in Northern Ohio: Ashtabula, Cuyahoga, Erie, Geauga, Huron, Lake,
Lorain, Lucas, Mahoning, Medina, Ottawa, Sandusky, Seneca, Summit,
Trumbull, Portage and Wood.

The five Lake Erie endogenous sectors (commerclal fishing, charter
fishing, water transportation, mineral extraction, and marina and boat
sales) and the portion of amusement and recreation attributable to Lake
Erie generated $412.5 willion of output, $110.1 miliion of income and
generated 8877 man-years of employment in 1978. If these sectors were
eliminated and not replaced by any alternative activities in the reglion
in 1978, the total (direct and indirect) fmpact on output, income and
employment of the regional economy are respectively $675.8 million,
$211.3 million and 12,312 man-years.

Lake Erie sectors make their major input purchases from finance and
insurance, miscellaneous services, chemicals and allied products, and
boat-ship building and repair. The Lake Erie sectors sell their output

to a large number of economic sectors.

Lake Erie sport anglers expended $28.7 million in 1978. The esti-
mated total economic impact of these expenditures on the region's out-
put, income and employment in 1978 are, respectively, $52.2 millien,
$18.3 millioca and 1,616.0 man=years of =mployment. This estimate cannot
be added to the estimated economic impact of the six endogenous sectors
because sport anglers make large purchases from marina and boat sales
and charter fishing.

The economic impact of alternative allocations of the Lake Erie
fishery between commercial and sport fishing and on the regional economy
were analyzed under two alternative pollcy scenarios: allocation of the
total 1978 Lake Erie fish harvest to sport anglers and allocation of the
total 1978 Lake Erie fish harvest to commercial fishing. A reallocation
of $1 million from commercial to aport fishing would vreduce food and
kindred products output by an estimated $2.3 million, and total regional
cutput, income and employment, respectively, by $3.9 million, $0.5
million and 41.4 man=-years.

The expected sport angler response to this reallocation ranges from
zero [f sport anglers make no additional expenditures to 54.5 million {f
gport anglers lncrease expenditures in proportion to the Increased allo-
cation of fish. The total fmpact of the reallocation from sport fishing
1s zero to $8.2 million of output, zero to $2.8 million of inceme and
zero to 253.2 man-years of employment. Since further reallocations to
sport fishing are primarily yellow perch and white bass, and fishing is
dominated by walleye activity, sport anglers are not likely to make
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increases in expenditure in proportion to the additional fish alloca-

tions implied by the model. The yellow perch harvest is concentrated 1in
the autumn after the peak sport fishing summer period.

The net economic impact of reallocating 31 million of fish from
commercial to sport fishing is the sum of the commerclal aod sport
lmpacts. The net impacts are $=3.9 to 4.3 million of output, $=0.4 to
2.4 million of income, and =4l.4 to 211.8 man-years of employment.

In conclusion, the total economic impact of Lake Erie on this 17
county regional economy is small when measured by thls standard.
However, the economic sectors of Lake Frie coatain a vital link between
Ohio and international water transportation and form the basis for a
large recreation industry which has been growing rapidly in recent years
with the return of large walleye populations. The results of the model
support past reallocations of the Lake Erie fishery from commercial to
sport fishing. When the remaining specles to be reallocated are exa-
mined, caution about further reallocatiocns from commercial to sport is
neceded because sport anglers might not increase effort to harvest addi-
tional yellow perch or white bass. Continued monitoring of the response
of sport anglers to changes in the availability of these species is
vital to future allocation decisions.
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Appendix A

Mathematical Specification of the Input—Qutput Model

The transactions table i{s the basic foundatlon of the input=output
model. 1t is from this table that the technical coefficlents matrix 1is
derived. The transactioas table records total sales and purchases made
by economic sectors of a given region during a given period of time,
ugually one year. Fach economic sector is a producer of goods and ser-
vices as well as a purchaser of goods and services for use {n its pro-
duction process.

The table shown in Figure Al represents an input=-cutput transac-
tions (gross flows) table. Entries in an input-output transactions
table are arranged in rows and columns. Along each row is distributed
the sales of a given produclang sector to all other purchasing sectors
and to final demand sectors. The columns show the purchases of a given
sector from all other producing sectors and from primary input sectors.

As shown in Figure Al, the transactions table can be divided into
four quadrants. Quadrant 1 represents final demand and contaiuns all
excgenous sectors which determine the lavel of output in the economy.
The exogenous sectors are household expenditures, private investment,
government expenditures and exports. Quadrant IL represents the pro~
cesging sectors. These are the eudogenous sectors that sell their out-
put to other processing sectors and final demand. Quadrant LI
represente the payment sectors. It includes payments to households in
terms of wages, interest and profits; payment of taxes to governments;
payments for imports, and capital congumption or depreclation. Quadrant
IV represents the direct transactions between final demand sectors
{Quadrant 1) and payment sectors (Quadrant 11I). It shows the primary
Inputs and fmports purchased directly by the final demand sectors.

The transactions table can be expressed by a linear equation system
Including sets of output equatioas, input equations, and identity
equationsg:

k n

(A.1) Xi = =1 xij + okl

f1 ; VW i=1l,n

3

X o r.. 3V j=l,m

(A-2) Xy =) %y ¥ en Ty

(A.3) xi = Xj 3V =35 1,J=1,k

m S0

T =kl

(Ae8) e Xy 7

X iak+1,n; j=k+l,n

j;
where,

Xi = total output of sector i
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X = total inputs used by sector j

h|
x?-lxij = total intermediate output sold by sector i to itself and to
all other endogenous sectors
Z?-lxlj = total iatermediate Inputs purchased by sector j from itself
and from all other endogenous sectors
n
z =
j-k+1f1j total fianal demand for output of sector i
Z?’k+1r1j = total primary inputs purchased by sector j from all primary

input sectors

Equation A.l shows how the ouﬁput of a glven sector is used by k
endogenous intermediate sectors (Ej-l xjj) and n-k exogenous final

demand sectors (E“ The final demands include heousehold

kt1fy )
purchases, exportg, goveinment purchases, gross Iinventory accumulation
and gross private capital formation [Mierayk, 1965; Richardson, 1972;
Jones, Jr., 1978]. The final demand sectors are the autonomous sectors
which determine the level of output of an economy. The final demand
sectors in a small economy's I-0 model are in general summarized into
four sectors: “Household,” "Private Investment,” "Government” and
"Export” demand sectors; Figure Al. "Household,” "Private Investment”
and "Government" sectors are often aggregated further into a single
"Consumption” sector.

Equation A.2 shows inpﬁt purchases by an endogenous sector from all
; m

other endogenous sectors (L1=1x1') and primary input sectors (% =k+1rij)'
The primary inputs Lanclude paymeﬂts to households in the form o% wages,
salaries, rental income, interest income and profits; payments to
government; lmports of goods and services; ioventory depletion; and
capital consumption or depreciation [Miermyk, 1965; Jones, Jr., 1978].
Primary input sectors of a small scale economy's I-0 analytical system
are commonly aggregated into Labor, Depreciation, Government and
Imports. The first three sectors are oftem represented by a single
"Value Added”™ sector.

The total amount of each primary input employed is subject to the
constraint that the total amount of the primary inputs used by the k
endogenous sectors be equal to the total amount of that resource
avallable within the economy under consideration; i.e.,

(A.5) T, =I5 ¢

1 * a1 Fiy 3 V 1=k+l,m

where r, stands for the total amount of primary input i available within
the considered economy.

As an equllibrifum condition of the economy under consideration,
equation A.3 states that total output must be equal in value terms to
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total inputs for a given endogenous sector. Equation A.4 simply shows
that total final demand must be equal in value terms to total primary
iaputs for the entire economy in equilibrium. Equation A.4 further
lmplies that as a whole the direct transactions between the final demand
and primary input sectors must be in equilibrium. Stated by equations
A.J and A.4 together is then that for the entire economy in equilibrium
the total input iu value terms must be the same as the total output;

.- ): R, =-'2 -
feee, Wi X < 2 Xy

The Technical Coefficlents Matrix

The matrix of the elements Xy In the flow table is called the
transtions matrix. From this trangacttons mattix, the technical coef-
ficlents matrix can be defined. The 1, jth element of the technical
coefficlents matrix (ai ) 1s

i

aij = xij / Xj 'V i,i=1,k

The technical coefficient indicates what proportion of total inputs used
by sector j is purchased from sector 1, or it shows dlirect purchase of a
glven endogenous sector from itself and every other eandogenous sector
per unit of output.

(A.6)

By rewriting equation A.6 as Xy = aij X,, and imposing the
identity equation A.3, equation A.1 éan be regtated as
k n
= I >
17 %51 %9 55 ek Big
This equation shows the production relationship in the 1-0 table using
the technical coefficients.

{A.7) X

The technical coefficients matrix for primary inputs can be
established in a similar way. The elemant of the technical coefficlents
matrix for the primary input (vij) is defined as

(A.8) v, = V t=k+l,m; j=1,k

I S
It shows the amount of the primary fapu: used as a proportion of total
Lnput by the jth endagenous sector. Since equation A.8 {implies that
rij = vij Xj, it follows from equation A.5 that

/X

(A.9) ¢, =& v ; V 1=k+l,m

17 g Vg Xy

where T, 1s the total amount of the primary inputs available to all
endogenous and exogencus sectors. Equation A.9 states the primary input
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constraint on the whole economy under consideratlion in terus of the
technical coefficients for primary input use.

The Interdependence Coefficients Matrix

Changes in the final demand have indirvect effects In addition to
direct effects on the sectoral outputs through successive rounds of
transactions based on the Interrelation of the endogenous sectors. The
technical coefficient shows only the direct effect. The total effect as
the sum of the direct and the cumulative indirect effects can be
measured by {nterdependence coefficientsa.

The interdependence coefficient 1is defined from the technical coef-
ficients matrix. Equation A.7 can be restated in matrix form as:

(A.10) X = AX + F
where ¥ = k¥ ¥ 1 column vector of sectoral total outputs (Xi)

A =k x k matrix of technical coefficients (a

1j)

F =%k x 1 colunmn vector of total final demand (Fi o £..).

= eknfig

Equation A.10Q can be restated as:

(A.11) F = (I = A) X, or
(A.12) X = (I - &)L F, or
(A.13) X = BF

where T is a k x k identity matrix, and B stands for (I - A)-l, the
k x k interdependence coefficients matrix with elements bij'

The matrix (I = A) in equation A.l1l 1s called the Leontief I-0
matrix [Miernyk, 1965]. This matrix is iaverted as in equation A.12 to
obtain a matrix of direct and indirect requirements of Intermediate
inputs per dollar of final demand. The interdependence coefficient
b, ; indicates the sum of the final demand change and direct and indirect
changes in the requirements of Ilntermediate inputs used by the jth gec-
tor as a result of a one dollar change ian final demand of the ith sec-—
tor. The direct changes in input requirements are given by the
technical coefficients matrix A. The lodirect changes in input require-
ments can be obtained as B = (I + A), the total requirements less the
initfal change in final demand and the direct requirements.

The primary Input constraint (equation A.9) can also be restated in
matrix form as

(A.14) R = VX
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where R is a (m-k) x 1 vector of total primary inputs avallable and V
staads for the (m~k) x k matrix of the technical coefficients for pri-
mary laput use with elements viye Substitution of equation A.13 iato
equation A.l4 yields

{A.153) R = VBF, or
(A.16) R = ZF
where Z (=VB) is the matrix with the elements 21%; 1=k+l,m; j=1,k. The
di

element z;; shows the total change (direct and 1 tect) in the use of

primary input i per one dollar change in final demand for the output of
sector j.

Impact Coefficients (Multipliers)

The output multiplier Indicates how total productlen will change
throughout the economy as final demand is changed in any one sector of
the economy. The output multiplier for a given endogenous sector ] is

o k
. AT = §
(A.17) 1 izlbij
The output wultiplier for sector j is the sum of the elements in column
j of the interdepeandence coefficients matrix.

The employment nultiplier for a given sector indicates total
employment changes Iin the economy resulti{ng from a unlt change in direct
employment in that sector. The basic assumptioan underlying the
employment multiplier is that, for each endogenous sector, a linear
relationship exists between employment and output [Richardson, 1972;
Jones, Jr., 1978]. The employment multiplier ig computed from the
direct and indirect employment effects estimated via an I-0 model. The
employment multiplier for a given sector j is

u

3

where U 13 the employment of each endogenous sector.

Kk
(A.18) Ay = (Z7_ (U, /X)) byy) / , / X,)

The denominator in equation A.18 {5 average employment per unit of
output 1n sector j, or the direct employment effect per unit change 1in
final demand. The numerator 1is the sum of faterdependence coefficlents
for sector 1 weighted by average employuent per unit of output fa each
endogenous sector [Doeksen and Schreiaer, 1974].

The most common I-0 employment multipliers are the Type 1 and Type
IT. The employment multiplier defined here is the Type T. The Type II
employment multiplier is the ratio of direct, indirect and induced
employment effects resulting from a unit change in final demand to
direct effects. The direct, iundlirect, and induced employment effects
are estimated by multiplying the column vector eof the Interdependence
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coefficients matrix with the household sector endogencus by a row vector
of average employmwent per unit of output in each endogenous sector. The
direct and indirect effects for the Type I multiplier are estimated on
the basis of the interdependence coefficients matrix with the household
sector exogenous. For more detalls, see Jones, Jr. (1978), Palmer, et
al. (1978), Richardson (1972), and Miernyk (1965).

The income multiplier measuree the total change imn incoume
throughout the economy resulting from a unit change in income in a given
sector 1in response to a final demand change. The basis of the income
multiplier is that a certain amount of income 1s generated with each
change in the output of each endogenous sector [Jones, Jr., 1978]. The
income multiplier for a given sector j is the ratio of total (direct
Plus indirect) income effect to direct income effect resulting from a
change 1in final demand

Y o (K
(A.19) lj (r.i’l (Y1 / xi) bij j / xj)

where Y is income of individual endogenous sectors.

Y /(Y

The direct income coefficient for sector j, the denominator in
equation A.19, 1s the average income per unit of output in sector j.
The total (direct plus indirect) income effect, the numeratot in
equation A.19, is obtained by multiplying the column vector of the
direct input coefficlents by average income for each sector [Doeksen and
Schreiner, 1974].

There are Type I and Type Il {ncome multipliers, which ate similar
to Type I and Type II employment multipliers. The income multiplier
defined In equation A.19 is the Type I multiplier. The type II income
multiplier is the ratio of the direct, indirect and induced income
effects resulting from a unit change {n final demand to the direct
income effect. The Type I income multiplier is cowputed from the inter-
dependence coefficients matrix with the household sector exogenous,
while the Type II multiplier is estimated from the interdependence coef-
ficients matrix with the household sector endogenous. For detalls, see
Richardson (1972) and Jones, Jr. (1978).

Adjusted Impact Coefficients

In the estimation of the total economic Impact of the Lake Erie
economnic sectors, the change must be measured by output rather than
final demand. Several of the impact coefficieats must be modified
(adjusted) to obtain unbiased estimates of the total impacts when the
change 1s measured by output rather than final demand: the output
multiplier and the total and direct employment and Income effects.

The output multiplier, lo, measures the total output change from a
unit change in final demand. th includes the direct and indirect output
produced as a result of the change 1in final demand in addition to the
change in final demand. The direct and indirect output produced per
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unit change in final demand 1s equal to the diagonal element of sector j
ninus one {bi; = 1). The dlagonal element (b,;) i3 thus an appropriate
deflator in order to coavert the output multiplier to one which can be
applied to output rather than to final demand. The adjusted output
multiplier {s defined as

k
*
° %

0 -
(A.20) lj = Ajlgj = 1‘ b1 /

b
MRES RS T

The employment (A.18) and income (A.19) multipliers are not
affected by the measurement of change by output rather than final
demand. However, the total effects (nuneratoer) and the direct effects
(denoninator) of both multiplier are affected, because they are measured
per unit of final demand. As with the output wultiplier, deflation of
the direct aand total effects by the diagonal element b converts the
direct and total effects to adjusted direct and adjusted total effects
which estimate these effects per unit of output:

Y
. AY el '
(Ae2) Ay = (E /%DMy ) /(L% /by
Kk
. W= (2 '
(e22) A= (7 (/Db Y [ XX [y )

Price Adjustment

Problems of the I-0 model's static nature can be reduced through
the price adjustment on the technlcal coefficlents matrix. The out=of«
date technical coefficlents matrix {A,) can be updated to a matrix for
time t (A,) by pre-multiplying by a dlagonal matrix of price indices (P)
for all eandogenous sectors and post—multlplying by a diagonal matrix of
the reciprocals of the price indices (P ) [Stone and Brown, 1962],

- -1
(A.23) A, = PAP

This relative price adjustment multiplies each row by the price index
for sector i and each column by the inverse of the price Iindex for sec=-

tor j. As a result of this adjustment, each technical coefficlent (ayy4)
is increased by the increased cost of purchasing from sector i (py) ana
decreagsed by the i{ncreased value of the output for sector j (1 / p,);
i.e., h|

gy =P ai {1/ p,)+« 1In this price adjustment, it is assumed that
price d{ffegences operate uniformly along rows [Czamanski and Malizia,
1969], that substitutiocan of one product for another operates uniforuly
along the rows [Stone and Browm, 1965; Czamanski and Malizia, 1969}, and
that changes 1In the production functlon operate uniformly along the
columns [Stone and Brown, 1962, 1965].
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Appendix %

Regional I-0 Model: Empirical Generation

The regional I-0 model of the seventeen county northern Ohio region
18 derived from the 1978 U.S. national I-0 model updated from the 1972
model. Presented are the detailed step-by-step procedures of this deri-
vation. The overall presentation follows the sequential order of
research procedures visualized in Figure Bl.

Selection of Economic Sectors {Step 1)

Industries reported in the 1978 Ohio County Business Patterns
(USDC, 1978) data for the study region are grouped into 40 endogenous
sectors according to the following two categoriles: (1) industries pro-
ducing similar and closely related products, and {2) the conformity with
the level of aggregation used by the Bureau of Economic Analysis (BEA)
in preparing the U.S. national I-0 model for 1972. 1In addition, the
charter fishing, commercial fighing, and marina and boat sales sectors
were developed from primary data surveys or from other research. The 43
regional endogenous sectors are listed in Table Bl.

In addition to the 43 endogenous sectors listed in Table Bl, the
regional 1I-0 model {n this study includes Value Added and Imports as the
primary input sectors, and Consumption and Exports as the final demand
sectors. Entries for the primary input sectors are wages and value
added, and imports, respectively. Private purchases and purchases by
federal, state, and local governments are the elements of the consump-
tion demand vector. Exports are defined as residuals.

Reduced National Input-Qutput Model (Step 2)

The most recent national technical coefficleats matrix is for 1972
at two different Standard Industrial Classification (SIC) levels:
2-digit and 4-digit. The matrix at the 2~diglt SIC level includes 85
endogenous sectors [Ritz, 1979] or 97 endogenous sectors [SA, 1981], and
the matrix at the 4-digit SIC level includes 496 endogenous sectors
[USDCa, 1979] or 365 endogenous sectors. The 365 sector matrix is not
published, but is available on computer readable magnetic tape.

The major problem in deriving the reglounal technical coefficlents
from the national ones is product and industry mix [Miernyk, 1965:
Richardson, 1972]. This problem is attributable to the possible dif=-
ferences between regional and national production functions and between
reglonal and national industrial compositiocns. The differences in the
production functions, according to Boilsvert and Bills (1976), can
possibly be corrected by using highly disaggregated national coef-
ficients, because the input structure of industries at the 4~digit SIC
level is more similar throughout the nation than at the 2-digit SIC
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Figure Bl. The Research Procedures

1972 U.5, Technical
Coefficient Matrix | Price Adjustment
(1365 X 169%)

L J

Identification of 40 1978 U.S. Technical
Economic Sectors Coefficients Matrix
for the Reyioun (365 X 365)

y

Sectoral Aggregation
Wwith Noncompeting
Imports Adjustment

h A F

1978 Reduced Natiotal Competitive Imports
Technical Coefficients > Adjuztment Using the
Matrix Supp ly-Demand Pool Technique
(40 X 40
L 2
Addition of Techinical 1978 Regional Technical
Coefficients for 3 Lake [* Coeflicients Matrix
Erie Economic Sectors for 40 Sectors
(40 X 40)
1978 Reginnal Terchnical 1978 Regional Interdependence
Coefficirnt Matrix Coefficients Matrix
for 431 Sectors {43 X 43)
(43 X 43)

Output, BEmployment and
Income Multipliers

Adapted from Ro, 1982.
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Table Bl. Aggregated Endogenous Sectors in the Northern
Ohio Regional 1/0 Model

Bureau of Economic Standard Industrial
Sectors __ Analysis Classification Classification

Lake Erie Sectors

Commercial fishing 3 9

Charter fishing 76 n/a
Other Lake Erie Sectors

Water transportation 65 44

Mineral Extracticn 9 14

Marina and boat sales 69 n/a
Other Industries

Livestock 1 2

Crops 2 1

Foreatry Products 3 8

Other mining 56,7,8,10 10-13

Construction 11-12 15~17

Food and kindred products 14 20

Textiles 16-19 22-23

Wood and lumber 20--21 24

Furniture and fixtures 22-23 25

Paper and allied products 24=25 26

Printing and publishing 26 27

Chemicals and allied products 27-31 28

Rubber and leather products 32~34 30-31

Stone, clay, glass products 35--36 32

Primary Liron and steel mfg. 37 33

Primary nonferrous metals 38-39 33

Heat, plumbing, fabricated metals &0-41 33

Other fabricated products 42 34

High technology machinery 50--52 35

Miscellaneocus machinery 43~49 35

Electric and electroaic equipment 53-58,62 36

Motor vehicle equipment 59-61 37

Boat=ghip bailding and repair 61 37

Other manufacturing 64,13,15 38,39

Non—water transportation 65 40-43,45=-47

Communication 66--67 48

Electricity, gas and sanitary 68 49

Wholesale 69 50,51

Retall 69 52-57,59

Finance and iansurance 70 60-64,67
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Table Bl, continued

Bureau of Economic

Standard Industrial

Sectors Analysis Classification Classification

Real Estate 71 65-66

Hotel and lodging 72 70

Eating and drinking establishments 74 58

Auto repalr services 75 75,76
Recreation and amusement 76 79,84
Education services 77 82,83

Health services 77 80
Miscellaneous services 4,73,77,78,79 72,3,78,88,86,89,81

n/a = not available.

Source: Executive Office of the Presideant, 1972, and USDC, 1979,
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level; see also Miernyk (1965). At the 4-digit SIC level of sectoral
disaggregation, the national coefficients reflect more reliable regional
coefficlents. Two recent empirical comparisons between I~0 models
derived from the 2-digit SIC national model and the 4=digit SIC national
model with regional survey models confirm this [Brucker and Hastings,
1983, and Cartwright et al., 1981]. For this reason, the preseat study
uses the U.5. national coefficients at the 4-~digit SIC level. 1In his
recent study, Kakish (1981) updated the 1972 U.S. national coefficients
for 365 sectors at the 4-digit SIC level to 1978. These updated
national coefficients are available for the preseant study on the com=-
puter readable magnetic tape. The updating procedure was discussed
earlier. For the price indices used in the price adjustment, see
Appendix B in Apraku (1933).

The difference in the industrial compositlion between regional and
natfional economies, on the other hand, can be partially corrected by
making an adjustment on the national technical coefficlents with
reglonal weights representing the lmportance of iadividual sectors in
the reglon. The use of some measure of gross output or value added is
considered to be ideal in this weighting scheme, but figures on regional
gross output and value added at the 4~digilt SIC level are not avallable
in practice, and the weighting scheme often relies exclusively on
disaggregated employment data [Shen, 1940; Boisvert and Bills, 1976].
The present study uses regional employment as reglonal weights in com—
puting the reglonal technical coefficleats from the national coef~
ficients.

Except for agricultural employment, the 1978 regional employment
figures are available at the 4=digit SIC level in USDC (1980).
Agricultural employment 1s estimated as regional agricultural output
divided by national per capita agricultural productivity. The 1978 data
on reglonal agricultural output and natlonal per capita agricultural
productivity are avallable at the 4-diglt SIC level in OARDC (1979) and
UspChb (1979), respectively. For the complete figures on 1978 regional
employment, see Appendix D in Apraku (1983).

In order to obtain the regional technical coefficleats, the 365
sector matrix of the U.5. national technical coefficients 13 aggregated
to 40 endogenous sectors identified In the reglon (Table Bl). The
theoretical rationale and the computer program used in this study are
described more fully in Kakish and Morse (1983). For those sectors with
zero employment, the technical coefficient ls transferred to the import
row as a noncompetitive import. Of the 365 endogenous sectors of the
U.S. national economy 56 sectors had zero production In the region in
1978. The intermediate inputs from these 56 sectors are excluded from
the regional transactions and allocated directly to regional imports.

The national technical coefficients for the remaining 309 endoge-
nous sectors are aggregated following the conventional two steps: the
aggregation by columns and then rows {Bosivert and Bills, 1976; Kakish
and Morse, 1983]. The technical coefficlents for a number of individual
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*
sectors In the original national matrix (a_ ) are aggregated by columns,
welighting each sector by employment at thegﬂ—digit SIC level (Uq)

* -
(B.1) a , =7

*
U /5 U ,
g3 qﬁﬁjagq Ug 7 P qea U)o 940

3

where ¢ {s the set of 247 endogenous sectors, and o, 1s a subset of o.
This aggregation of a number of columns fate one coiumn results in a new
non~square matrix (247x40) of the national technical coefficients. The

second step aggregates the rows in the non-square matrix (247x40) to
yield a square matrix (40x40)

* *
L} = I = £
{B.2) a1j gﬁdiagj' 01 Gj’ Ui 1

This reduced matrix of the national technical coefficients reflects the
difference between regional and national industrial composition when {t
ig used in computing the regional technlcal coefficients matrix
[Boisvert and Bills, 1976]. While this matrix has been adjusted for
noncompetitive imports, it has not been adjusted for competitive
imports. Some of the reglonal techanical coefficients need to be
adjusted downward to reflect the fact that reglonal output is inadequate
to service all of the intermediate demand and final demand. This is
done in Step 3.

Complete Regional I-0 Model (Step 3)

Reglional Sectoral Output

In order to generate the regional :ransactions matrix, complete
information on the outputs of all endogenous sectors ian the reglon is
needed. Published data provide sectoral outputs for the agriculture
{livestock and crops) and the surveyed sectors. For the remaining sec-
tors, sectoral cutputs (Ki) are computed on the basls of the reglonal
sectoral employment (Ui) and national segtoral average productivity of
labor as the national gectoral output (X;) divided by the national
sectoral employment (Uy); Ll.e.,

(B.3) X3 =Xy =0 (X{ /0D , ¥V 1=y
This procedure was suggested by Jones et al. (1972).

Equation B.3 provides more precise estimates of sectoral outputs of
the reglonal economy if it is applied to highly disaggregated Iinfor-
mation on output and employment. The 1978 information on the national
output is avallable oanly at the 2-digit SIC level, however. For this
reagon, equation B.3 is estimated on the basis of the 1972 national out-
put and employment figures available at the 365 sector level. The esti-
mation includes three steps. First, the 1972 national productivities of
labor are computed for the 365 sectors and then updated to 1978. The
natlonal productivities of the 40 sector level are shown in Table B2,
The 1972 natlonal output figures are avallable in USDCy (1979). The
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1972 national employment figures are available from USDCy (1973),
USDL, (1979), USDL, (1979), USDL (1973) and USDL (1972), see Appendix C
ia Apraku (1983).

Second, the 1978 regional outputs for the 365 sectors are defined

as the regional sectoral employment multiplied by the 1978 national sec-
toral productivity. Finally, these computed outputs are aggregated to
40 endogenous sectors of the regional econony.

Regional Sectoral Income

Information on income by sector is also not available from the
published data. Sectoral incomes for all endogenous sectors within the
reglon (Yi) are estimated as the regional sectoral employmeant (Uy)
multiplied by the sectoral average annual wage rates or per capita
average annual earnings (Wi)

(B.4) ¥y = Ui wi

The sectoral per capita average annual earnings are obtained from infor-
mation on the sectoral per caplta average weekly earnings provided in
OBESb (1979). Average annual earnings assume 52 weeks per year and 40
hours per week.

Regional Total Consumption Demand

Information on regional consumption demand {s not directly
avallable from published data. Consumption demand {s the total final
demand with export demand excluded. This includes household consumption
demand and government consumption demand representing all other consump=
tion demands than exports. Regional total household consumption demand
(f h) i1s estimated as the natlonal total household consumption demand

%
{(f ,) multiplied by the ratio of regional total to national total per
household income
% om L
(B.3) £y =y Cpm¥y M E )
Similarly, regional total government consumptiog demand (£ ) 1s the

national total government consumption demand (f ) multipligd by the
ratio of regional total to national total outpuf

m

_ * - m B *
(B.6) £ = £ By X /U7 %)

o8 Y 1=1

The gum of the?e tHo differgnt c nsumgtion d ?angs defines the reglonal
total consumption demand other than eXports ?

(8.7) £ =f  + £ .

The 1978 information on the natlonal final demand is cbtained by
updating the 1972 information available in USDCa (1979).
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Table B2. 1978 U.S. National Per Capita Productivity Indices

(1972 = 100) at the 40 Sector Level of Disaggregation

Reglonal 19721/ 19782/
Endogenous Productivity Productivity 1978 Inde»zf
Sector __ (1972 3) (1978 %) (1972 = 100)
LIVSTOCK 40,704 64,136 157.6
CROPS 34,163 61,197 179.1
FORESPRO 2,245 7,261 323.4
MINE~OTR 25,673 66,173 257.8
MINEXTRA 2,911 4,509 154.9
CONSTRUC 165,998 295,202 177.8
FOODKIND 120,622 202,283 167.7
TEXTILES 59,236 82,245 138.8
WOODLUMB 22,105 42,583 192.6
FURNFIXT 11,054 17,103 154.,7
PAPRPROD 27,379 47,256 172.6
PRNPUBHS 16,695 32,354 193.8
CHEMPROD 86,847 196,733 226.5
RUBLETHR 26,620 42,648 160.2
STCLYGLS 21,016 30,1328 172.9
PRIRSTMG 35,378 70,998 200.6
PRNFMETL 28,126 50, 509 179.6
HEATPLFB 26,860 47,145 175.5
OTHERFARB 13,919 27,654 173.7
MACHNERY 43,043 77,991 181.2
MACHNHIT 20,659 30,571 147.9
ELETELTN 53,813 71,781 133.4
MOTVEQUP 80,732 118,894 147.3
BOTSHBLD 4,372 6,672 152.6
OTHERMFG 6,938 11,443 164.9
WATRTRAN 7,455 10,832 145.3
OTHRTRAN 52,688 76,555 145.3
COMMUNIC 30,668 37,845 123.4
ELECTGAS 58,383 111,195 190.5
WHOLSALE 103,883 184,808 177.9
RETAIL 1,488 2,117 142.2
FININSUR 17,469 105,513 136.2
REALESTA 174,919 238,240 136.2
HOTLOGIN 8,350 13,210 158.2
EATDRINK 48,721 81,169 166.6
AUTQSERS 24,551 40,092 163.3
RECAMUSE 12,719 17,756 139.6
WSUXAWEA 12,201 21, 206 173.8
HEALTSER 55,305 9,605 173.7
MISCSERY 110,121 174,211 158.2

1/ uspC, (1979) aund Appendix € of Apraku (1983).
2/ usnG, (1979), Appendix A and USDC, (1979).
:E/ 1978 productivity divided by 1972 productivity.
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Regional Technical Coefficients Matrix (Step 33)

At this point, the reduced matrix of the national technical coef=-
ficieats does not contain the noncompetitive imports, but it still con=
tains the competitive imports in its elements. The competitive imports
are the reglonal goods and services imported from outside the region due
to the reglon's insufficient production capacity. The reglonal tech-
nical coefficients matrix f{s obtalned from the reduced national matrix
by adjusting these competitive imports through the application of the
supply-demand pool technique.

The supply-demand pool technique 1s a wethod of generating the
regional technical coefficlents from the national ones on the basis of

the concept of commodity balance of the reglonal economy under con-
sideration. This approach begins by finding an initial estimate of
regional transactions (x ) as the product of the reglonal total input
in a given gector j (X , équatton B.6) and the national technical coef-

ficlents (aij); i.e.,
- *
(B.8) Kij = aij Kj

The regional consumption demand vector (f, ) is estimated as the
region's share of the natlon's counsumption demand vector

-

(B.9) fi. = fif (f._/f.f)

where £ angd f * stand for the total regional and naticnal consumption
*
demand, respectively, and f 1ls the national consumption demand for the
output of sector 1. In this expression, f, is defined as the estimated
regional consumption demand for the output of sector i.
The commodity balances for individual 1industries within the region
(e ) can be estlimated as

- -

(B.10) e, =X - X

where X, are the estimates of the reglonalktotal output requirements
from an individual sector {; f.e., Xi = j a1 j . When the

commodity balance 1s positive or zero (i.e., e, > 0), imports are
assumed to be zero, and the regiona} technical coefficients are set
equal to the natlional ones (aij j). Regional transactlons are set

equal to the Initi{al estimates (x 13

J) and exports are set equal to
the estimated commodity balances (e1 = éi).

If the commodity balance of the Ith sector is negative (;i < 0y,
the region is assumed to import a part of its 1lnput needs for sector 1,
and the regional technical coefficlents (aij) are set equal to
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(8.11) a, = an (X, / X)-

The ratio (xi / X;) <1 when e, < 0 from equation B.10.

Further consequences of the adjustment by equation B.ll are

(3112) X = a X

ij 1] ]
(B.13) ei = 0
(Bol&) “ij = xij - xij

where T are sectoral imports from sector i by endogenous sectors.

i3
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APPENDIX C

Sample Instruments

67



The Ohio Siate University Department of
Agricultural Econaomics
and Rural Sociology

) . 2120 Fyfte Road
May 19, 1982 Columbus. Ohio 43210

Phone 614 422-7911

Dear Sir,

Enclosed is a questionnaire whicn is part of a research project
being conducted by the Ohio State University Sea Grant Program. The
purpose of this study is to gather ionformation which can be used to
evaluate the impact of Lake Erie resources, in particular, the fishery,
on the northern Ohio regional economv.

One purpose of thls study is to examine how marine supplies and
services is related to other Lake Erie activities and to other indus-
tries in the northern Ohio economy. Our means of examining these
relationships is through information about purchases you make from
persons or industries and sales you make to these and other persons
or industries. The information you provide about your firm is vital
to our analysis of the role of marine services and supplies in Lake
Frie activities and the northern Ohic economy.

We urge vou to do your begt to complete all questions. The two
tables are very important to a successful completion of our objectives.
Please complete these tables as best you can, making estimates whenever
necessary for the year 1981,

We have enclosed for you a map showing the study region. Pleasu
use this as a guide for the appropriate questions.

We ask you tu complete the questionnairce and return it 4t your
carliest convenience in the enclosed self-addressed envelope. Your
responses will be kept completely contidential, The information you
provide will not be used in any way where vyour firm can be identified
from its use. The information you provide will be separated from any
identification of your firm as scon as it is received.

Thank yvou for your cooperation.

Sincercly,

%;M Sty
Leroy J. Hushak Kofi K. Apraku
Professor Graduate Research Associate
LJH/bm

Enclosurces
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Instructions: In responding to the ruestionnaire, we ask
you to respond to all the questions. Where exact figures
are not available, please give your best estimates. The
enclosed map shows‘the study region.

1. What were your 1981 sales from this business
establishment?

$

2. What percentage of your 1981 sales were made locally
(at your place of business within the region shown on
the map)?

[

3. In the table below, please indicate the dollar amount
or percentage of your 1981 sales to the listed groups.

SALES TABLE

Sales Made To 1981 Dollar Sales

Other charter fishing firms (boat
rental, charter guides, etc.)

Marine services and supplies (bait,
fish tackle, fish cleaning,
lLaunching service, boat ramp}

Individual sport anglers

Other {(please specify)

4. What was youtr average employment for 19817

persons

S. What was the total amount of wages paid in 19817

3

6. What was the total amount of your 1981 business
purchases?

$
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7. In the table below, we have listed various types of
supplier industvies from which you may have purchased

materials, parts, supplies and services.

Please state

the value of purchases from each industry in 1981. We
also ask you to estimate the proportion of purchases
made from firms within the region {shown on the map).

PURCHASES TABLE

Supplying Industries

1981 Purchases (3$)

$ of 1981
purchases
from within
the region

Other charter fishing
firms

Marine supplies and
services

Insurance, finance
( insurance costs,

f inancial services,
interests)

Electric, gas, sanitary
services, autc repair,
services

Miscellaneous services
{advertising, etc.)

State and local government

{(taxes, license fees, etc.)

Federal government (taxes)

Boat dealers (boat
retailters)

Other (please specify)

71



The Ohlo State University Department of
Agricuitural Economics
and Rural Sociology

2120 Fyfie Road

Columbus. Ohic 43210

Phone 614 422-7911
August 5, 1982

Dear Survey Particlpant:

Several weeks ago we sent you a questionnaire asking
for information about your firm. Unfortunately, by the
time we sent the gquestlonnaire, the 1982 summer fishing
activicty was in full swing. Enclosed is a second copy of
the questionnaire. We hope that as the summer activity
eases up, you will find time to complete and return the
questionnaire,

Thank you for your cooperation.

Sincerely,
/- . . .
Ny 2 A : -
‘-/‘"“'/ el k /4*41-;&{4{4:
’ L]

Leroy J. Hushak Kofi K. Apraku

Professor Graduate Research Associate

LJH/bm
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APPENDIX D

Regional Transactions Table for
the Seventeen Northern Chio Counties
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APPEND1X E

1978 Regicnal Technical Coefficients Mat:rix
{43 X 43) for the Seventeen Northern Ohio Counties

84



AR, L
*oLloe 9@
i90ipe @
aetee @
(421
TS 9
[ L ]
SOTEEL
LHZHNE B
LETERO
4114 15 I J
L3114 L A ]
i 9
THY300 @
L1342 21 BN ]
HTZECH '
CECA0E" 8
2LEIM 9

*e
ESCoD8 &

L
L00000° @

a‘a

AXT D4

Ti1000° 0
E2S106°0
4410008
oEGERE’ O
BrST S
LERBTER 9
2699009
131340 ]
g0TATe
TLecen’d
0T8T @
toZ0W8 @
eLINe D
010099
raL998 @
AT 9
qLI08% 0
SLOTG 9

e
Lrinee @

”e
1400090

e
Lo gl Y

Zinetd &
Eratee B
oaL1ee &
rELOMS B
CEle0e’

e

e
T8
HE1S S
TLES S
6QETLL "W
FZ2I00'®
BE6688" @

*e
LETHN8'
FILICT @
T2E000 8
6ATTHO @

..
50"
C18008° 0
S 0008" 8
L6ZNE" 8
STTILCAL

1088
9TTHNE 'S
13191 . M
CHCIoe'®
ERSIR 9
L=z L L
CHFIVE 'S
9ELeee e
FTRLZG" D
1v2L1eS
»TUTIS 0
&1 9908 9
iLige e

L
LETeNe S
Loag I
*L1®G "
aeazes e
*T0000 ¢
360000° 0
QLVLIN @
49l S
ZasTHO " 9
QN 1 3A004

tozTaR
“ooIee
wELIG'®
tYgcos &
LLE81H° @
stIlcR’e
Reeie’e
LA
HTEE S
cav0I0’®
LEELIN e
LLCe0N e
IELTHNC N
Lais= LA
BYZece '@
areseee
EoiO08" 0
Lo L
“LRT80 S

e
YSRGS
2000 8

”e
0ALSK0O

L 1 N
2092009
A, 18 . N ]
se68L0 @
ETLON ' §
STLY8 'S
ZHEV0R 'S
Ee6Ze' 9
L0008
149LE8° 8
*oH090 "8
e #
ZHLAED9 "D

LN

*e
Lis 1o g
1lie0e'e
8620408
eI ®
TR0

L ]

L ]

L ]
VALLYAN TR

149100° 8
i8lC08°0
S656109° 8
1299688
seazTee ' »
pio0 ]
001 04°9
LyTEIR 0
LIl 042
4+erER’ 2
SL39E0° 8
ITTOEe "9
SRZIGE B

L
18Z008% 9
LLeg Ll M
s1igee e
4091470
4SES09 9
SLIGOS"®
190008 8
Coddde ‘8

L

. MLO~IMiMd

Le0008 " &
4IC008" ¥
197098° 9
YLEVOD O
T60004° 0
o800
12008 9

*e
LI9Z08° 0
SoOR1e’e
ErelzZe’ e
2LZT0%° 0
ILLige

L ]
(128089
TGN &
BiZTo0d'®
ZIEEH B
Su9e0e" 9
AZ1000° 8
IPBEYE

LM
LOssee 0

LIEL < LY

£HN e
04000 8
+OZON "D
:cod: L M)
TOLLH8° 9
Wiede 9
L M ]

[ TE:-1 L ]
910089
TLOe @
aetil e
120009
9ZTTaeN 'R
0

i3 0L
12871080°9
81949979
CiC6a"
i e
ETI08 "9
L 28 L M
AT 0
IICHIS' 9
S4MD

3190000
TLESSD "B
9ZzZa0 '@
Vigrdd 9
L1 281 A8
SEZ1 9

ae
1971808 0
69TNN @
LISR Y M
feLIIG ®
ATZ2e0 B
Tsitea 9

e
r. o008 9
SZH000 ' D
ESZIvl 'R
eeLON ¥
STo008 9

e

L ]
LIRS @
SELPER"D
AM0LSA T

JOOIALOM
ALTILITI
LIENEDYH
AMINHIVE

a14)¥in
LI LML
OHLLEM [ Y
STIATILS
HELTTENM
COMJNIHD
SHAN WY
TOMSH LY d
LXT 0 4
A TA00M
FIILNIL
N 140004
JOLLSNCD
VHLTN W
WLO-3INTH
M4STIO 4

340MD
IOLSATT

*d xrpuaddy

85



‘e

*e

'
FLENES B

L J
TS B
L0’ ®
LILIRE @
seicon’
SZECHS " 9
are1d° 8
Liggee @
Frord Lo
ba- LLs B
ZivZid 9
Zlozoe' e
LHICIS
[LEHS" 0
ean’9

e

LM
*e
9
S8iLie e
L 2
/68099° 9
aIzeee " ¢
11 L L
S¥ZCee "

1960809
SEELO0®
ZTL900° 9
#9098 8
ZEYOPR 'S
LHLETR @
SHLIO0 @
c99CI8" @
LIG100° @
L1 18 M ]

L M ]

e

[ M 3

[ 8 J
PLLEZO S

ae
L9Ce00 '8
(418, L M
ZLLEeR' S
ZECH0° R
TEPIOR'®
p 48+ HL M
L6808 ¢
IO B
Ti0L58'®
ivIEI®'®
ceeTee’ 9
19%6i0° 0
00008 9
Lol 009§

e

L

L ]

*e
Y

e
[ L
SBTHN0 D
LB 8
TSIz e
Leroen e
2050089
9P 0
4950848
SoaLYS @
laall M
EZLING @
LELBIS @
sLIINe @
18089

[ M

[

e

e
SESHE D

e
"Wasie 'S
THO00 '8
*oeZie’e
(- FA.
LEtees e
SLLYDS @
SISO B
-1 1. M
TH5ZYS 0
[-431 L M
LE4100°0
IRIZIE &
gcgese 4
Lias . M

*e

e

e

e
serare e

e
LA L
TEONMe " &
(22, 11 I J
250100°9
L 181 N
*HILZS
BLETIO W
920108 ° 8
»E9TEO @
L e M
EViO8n ¥
(=51
SS9 9
LIRIOG &

[ g

*e

e

L
CEZOER' &

.
Coll o
LLENe° 8
seeree’ e
Lo g4
e 0
L3R4,
LiF400 M ]
LRE:L L
erssie 9
1LZo0 S
£90600° #
S6DL00° S
LTLONE R
SIUENN S

L I J

9
*'9
e
S¥SETE 9
[ M ]
=3d88d %
e

EEOZHR P

ELINNS 9
fr4 L L M
L0C800° 0
Ziviee' o
CRECTIO S
raEIERH
(PR 18 A%
azZiioee '
SLICHE'®
LLTONG B
SL0000 ¢
LOCHNS 0

[

e

ae
LZESER '@

e

-
LD L
LTILHE '
2150000
oreeee e
[4a3 74 M J
18L0te"®
Prene 8
CHISER' S
LZCIne'®
FLETES &
ro6ine @
BEFIOS"
19004009

L

a0

LN

..
T SCR " #
SH9YS' 9

ere
(88 L J
aTHTHE'®
*reee 8
18 . ]
FARY 18 M ]
boLith @
cigran’'¢
ZHaTe 8
SlLEH88° 8
SRLIG0'®
sSIvsin’e
LEWDE S
SL0000" S

e

BS 1 {300
LYoVl
WALLUVHD
AYIS08IN

SEIFTE
ASnEYOTd
ISNLOY
AN INALYE
A1 Mo
Y1STTV I
¥aSdiN g

TVl
TTVST0HA
SYaLATI
21 MAKHOO
INLLELD
ENLidLIYA
JONIALY
TTIESLOS

ponutjuoy 'J Xipuaddy

86



(LI M
9L9T8° 0
araria
CELTHI @
2i%010°9
LEBSIS'S
ZTHITO @
FISTL @
“OTINN
1apgae’'a
[9€S5[8 9
LZ50649 ¢
LaT109°3

e
So3008° 0
204888
STEXIE" S
LILESO'®

L
SEa0dd 9
Z00099° 0
SEaedd e

e
AELDOYE

Lot o ]
S04500 ¢
AT.iHes "8
LEviio’n
BE3LES "
(1,220 M ]
2606968
cLshl "0
E99908°8
CI9%Z8°8
IHEER° S
EAL L L
£20904° %

[ M ]
INLTRE
[3--1, ]
91Z08" 0
MEYSS D
I
g i

*e
L L

e
Y NIRLD

vaelee’e
60590070
r.¥CI070
(2128 M
2910T0°
LHLIED @
k450" 9
IINWT 8
baaad B
1%1998°8
goZFLEe 9
S0
CL9508 %

[ 28 ]
160008
ritioe’s
IC[000° @
ZEFEMD @
L2l B
CYTONN W

e
(11

e
LITdLYIR

w00 9
19209 %
120209 @
ii1azee
LLBELIS &
1L6T00° @
QLLIOCT'
THTENE' 8
SLLEGS B
oBLIG® @
agIiIZe @
198C89 ' @
»LCTRE @

&9
STHSR 0
110008
*LZHEO'®
TEI900° 9
8T8
Lo 08 . A

[ 28 ]
170000 " ¢

L I8 ]
WIHLANd

*T9006° 9
STTTIN' D
TEVIE0' B
ZriszZe’ $
KWL S
Stiged 9
*Hovie’ e
SOTLE1 "¢
[ 2l M
i Lo
| ZZEZH ' @
L L
cyoene " ®
124 L ]
sTRING W
SLIWO
LUl
aTTiie e
cAviee’ o
(k41
codsde ¥
113008 S

L
LS TEd

TLIMOR®
19E998° 0
COCEOe 8
O6HTS "0
1 M
Q19079
aToCee e
PLEYR S
9a4e1 "9
IEITCE 9
FITHee @
IESS0e @
R4 1-23 N ]

LN )
2401 LM
IeT00 @
FEePe &
geI048" 9
daTLIe
LLIIHE N
GLaN0N" 9
bl

”e
STIATLLE

cElING @
268Z00° 8
Lr324 L B
»92904 &
98281078
THTIN" 0
62990479
aeBIT®’®
4150088
BIeve" &
HES1BZ 9
WIede
62108

e
89908 9
1€8Zva° 0
SYZEME R
aIzZeee’ e
L9088
ZTrede 'R
el B
CESRIR" B

*e
MERLTTHOE

8, L N ]
ITIve @
Tgavee @
Tia%80 9
L 2L ]
k41 1, M ]
PaLHL" S
ORTHS ' §
lrs1 00
F12 L
ESCHZ '@
TN @
TH8608°

[
asZere @
1300009
THHSHE @
ez
GRLENS @
(g1 M
rarioe s
LES108° 9
fr- L
GO LIND

BLMME "% LEOE ' B
HEE9SR B IZese 9
tiLe0d ¢ Ll4 180 A J
aeiLed 9 b1 M ]
CrZIen 2 ZITZae 0
L L ] *e
CTLINN D COETHS &
a6Zad ¢ EQLTOS &
Prall c9gese ®
il L LLIREA M ]
BIO9I8 B 1ZZESe "9
IETTIH R Blviae »
CLAPL: EHLLZIZ'®

L] *e

e (4120 1 28 ]
LEBINE" S g1+Zéd'e
TRLede GETHN° 8
ZLlERd 9 539%00°0

*e BLZ000' R
Eo9e0e " ® 4110 . M ]
atodee e azesee e
baa ol L M J 1¥8098° 0

*»e *e
R4 4 oW MY

PaNUTI3UOD

AODYIALON
MITILITI
L1BAHOVH
AVINHDYR
Y ITIAL0
ALTdLVIH
U
WASMINd
STIATOLS
HELT TN
J0d WIHD
SHEAJMHL
TOMJdd¥d
iX14mdnd
T TA0M
STT1IXTL
Qi { 20004
DOLLINOD
VALUIN IR
WLO-3M TN
Odd S04

940MD
IJ0LEALT

‘g4 Xtpuaddy

87



L B
a'e
[
ELL1E4 A ]
a9
ZRIe0e
ZETHE S8
teslee
L1 rA2 L M

rZraoe 8
IHA FL ]

1530070
3998489
LZLUES @
Codbed’ B
rIOE09" 0
LA
CEZHMO @
TLE008° 0

*.

L N ]

e

| & J
Fi, <M ]

[
16T0080° ¢
LIS " 8
ORI %
EPES &
R0 0
FCLEE S
ST e
L8098
1112 N
pi-r449 M )
ST R
FTRLIS @
P11
E4L-, ]

e

L M 2

L L

e
FAL L[4 M

L3R 2
L10s . A
1990900 ' 9
5251999
SELEPD O
i
gL
SEVEM S
Lot 1o 2 J
SOLIES " #
coRlIR"®
SiB(00°0
LETEIO®
Ll el
*EMR e

[

.0
e
9
91ZZT 0
* e
LTZEHED ¥
saeaes’ R
A 73481 M
L1E900° 0

soLieey
We9ee" 9

SALY0S° 9
s9T11e0°®
HZBIES S
1ZRIZe" e
P28 . M
r6Egle @
LEToed
CHeI 00 B

e

e

e

e
[ALZAL M

L
HZEIE’ S
Ll L ]
LIE-T )
TEEZHN 0
;e189°0
LEZTNO'S
LiI g’ e
[LZe0s
IEMES’S
LZLIES @
STTIHS S
(4.3 8 M 3
TEIENN 'Y
SOE0NN "0

L

*”e
e
Ll
HZTHICE'S
[ M
(121 L ]
10
b42 31 M)
Tonsee’e

11000
(3211 L M ]

19008
GaEeee ¢
SOLECES"
LHECESR" 8
BTETHE "
TIvEER' B
PATAR | M ]
eItee- e

*e

L 8

*oe

*e
FETLES' S

L
oovess §
PN "8
SLLING O
INLSHS'D
SCHZNE’ 0
|cELM
WEEMS B
SEEoPe 9
rigiiew
SETZIe N
LIsTH0" 0
STRZe "9
(2 A8 M ]
Lieae 8

e

[ M ]

*9

a9
PREI*S 0
299800 '@
LUIR L
Z9viee e
LSS0 9
Fi 21 M ]
CHLTIS
| 7142 . M )
SECOO00"®
i8LVZ0° S
LISSTe
(X113 M
- LFAL M
SRIZON S
S

[ M )

.. (X

. °'e

e e
PLBCSH'S THICTE'E

88 2e
TN rETONE @
ONCeeR'e  BLeeNe S
sizees e vcRieee
eezets e SLCEND D
TLELOS'S  SLBIGE®
icesie iBTgIee
aonves e IGO0
cOBeNe°S  OTE0e 'S
ISETE' S ILFLIDETE
sZvoge ‘s  SPIZIe'@
£46908'9 rizzee 4
LEVEZE 8 1gigle-e
avigse e 509008 ¢
SEVINS'S 319000 ¢

e *e

pPanuIIuoD

LETTY IR
msainlg

TiviTe
TIYSICHA
SVALOTTI
21 NANNOD
AVEINAELO
NVEIMLYA
24NIR1O
TTEalLod

‘9 xjpuaddy

88



Rl ig . ]
Cavene’ @
#137108° 9
ogreee’
FARL .

*>e

e
Troeee 8
LEVYOS @
SeCZod @
156Z18°9
vBLIeE @
eIsred 3

89
SHO000 @
19.000° 8
FOIONE 0
LiizTee d

[ ]

*e
951 808 &
S0004e 9

L2 ]
TTY 1084

s8Z000° 8
21T M
Yaeeee 9
gLETIE @
BZ1ede W

e
cYTONR @
ErI 400D
14008
SLaled @
Qerace s
893108 °9
L0009 @

e

L
sTIG0e' e
L8088 8
ELEER D

ee
IBeLIN' S
(L1811
E38 1. L

e
SYaLdTa

L0, M
LG 9"
SEOtd B

e
reoaed &

e
Lyioae e
00000 0
fz Ll
Y4CO00 0
Lyerad'e
PR L
299990 2

e

a'e
SPCRN0 ' ¢
ZeTeee ¥
SECGES '

e

e
[ 2L, 1
ZWos' e

8t
21 HORED

L. 11 LI 2N
2 24 L M
39009 8
1¥CI8’ 0
chess
TN 'Y

*e
L3371 . M ]
GLZ008° 0
cEite’ e
b= 231 M4
RIEZeE &
TEZio9 @

e
5000 ¢
L
CEZ000 9
SLIEHSD

*e
00000 0
SEONNE 9
HE0000° 9
2L L L ]

N
EH1900°
ITEI190° 0
wITION N
L%, M

*e
EZOI0 D
S6LE19° 8
SEo0eR"
(3148 M
6L¥099 @
Lagpa s B
ricees @

L

L M ]
LBETIN° 0
gitreee e
192518°®

"e
Zreese e

*e
R1L .,
1100009
WVHLLLYA

125000 ° %
L2 117 M 4
ZZOERe ' H
HLETHE '@
*Lavio’ P
(12208 M ]
HCIEe’ 9
Lo TR2 2 8 ]
£e9%e8’ 0
931708709
LPTESE' S
»EZi100' 9
LZIITH @

*e
tobtile @
sImEIe "
TES00 'S
1Z6ES @
29T900° 8
TYeeed s
Lo rd L LI
L9908 &

e'e
2 SMIRLY

ALgIee e
CTHLEG' @
FLECIS @
FRLINT @
SCHEIG®
a3 27 M ]
239ET6 &
FA T4 JU B
[g1are
IZITeN"
rTLTR 'S
PCETHS @
gé6Te08 3
L AT 1
BIRLBD W
14014 1 A ]
96L000° 8
LLL L ]
500009
1Z0808" ¢
Trooes '@
Lredee

e
TTIESL0E

LOTHAE"
SEEPER S
o619 %
Z¥B1Z8° "
ERLTO S
YLl
S19TTR S
cHesel "0
[1FX41 M J
2B19Ze' "
68640079
L300 3
34910979
| Laand &
Fra 11 B ]
b ]
sLzZeee §
S65ZTOR° 8

e
1S1990° 8
L0 9
ITOSS 8

*e
ANBAALOH

SRL100° 8 1211,
yiZ¥YOL '@ Lofive @
a+9904° 9 1LE098° 0
LS @ LTIEZE
csaLie »CONTE &
izaeZe ' 2108 2 2
aeLEM @ SERZYO N
LELILH W HL6LOE
CISEI®’ @ 4 34 M ]
pi-Fi 18 By ] 284T19" @
$HLETE D cZrgie 9
CZETRE’ 9 $CBe00 2
LE2L98 8 LR 42
LElioa s | M
0085 crLaes o
2118 ] grilies’e
reEeee 9 18T888 "0
g93Z08 "9 a52100° 80
et 9 *e
Zileon LOTRO0 @

o4 8%  Ceesee’ .
IEHN8 "9 »EHGEE" 0

”e ”e
ALTILTTE LITENHOYM

peanuT3IUoD

A0OIALON
MLTILITY
LIEMHOWVM
AHINHDIYH

ALT4LVIR
‘U Bl{wd
LN IV
FITATILS
LTI
10 AWARD
SHENdNd
Jodd ¥4
LXT a0 d
TATE008
STIILXNIL
@ 1 ¥T004
JOMLSNOD
VLI TH
WLO~-ININ
NdT0d

TMOLSALT

g xTpuaddy

88



L10090° @

e

*e
BHIESE @

L
2010069
L6700 @
[ZF:: 01 M ]
Sesile e
Se5Coe 8
199C19 @
SLI00 R
1192068
BoSLI S
Eudg o B
LLAARE e
9Z2L18°9
F9TOME "9
Liroee ¥

L

LN

*e

LN
SESEZR @

L
HZo0dE " §
YZigee @
LeIZee S
GEIT 9
L2
SPTLOG @
398009
LOSH0e "9
YOE L0890
43901 0
ttaZes'e
BCoeN R
+rgese
L9ZTO "R

L34

L 2
e
L
G¢ICoCO %
e
<8008 ' 0
aseice 9
slaved e
LEGLOR B

STEIN S
fLPRlA M )

[ L 1L M ]
Laag. M ]
PLETHD P
aeZite s
SE6TIO'S
beias i M ]
Zegee e
cocend e

*0

L

*e

*e
ISOErS
20000 @
FARE .| B
aLiess s
Bglate o
oA L 0 N
i=12 . M
ZINTIO S
SIgITe’
bl L N
9TIeTe e
geT1Eee e
ZaLtiee
ZENsIii e
839049 @
Ll L ]

*e

*e

e

e
[ 18 24 M ]

L X ]
50008 ° S
SEOSD0 0
L agn N ]
ZLOT08 0
*Lo00d "8
TESEN N
WP
STLM0E S
TLELIO'®
"Kolie e
PZ9908° 9
219199
CHEEET e
azcIve 9
L 18-, M ]

*e

L

L
790699 @

L
giroes @
cozeee
L e M
tsgee ¢
*iZToe '
SLLET® @
|41 11 3
sZreee ¢
slgices
b ias JL M J
SERGAO @
ZeBLIG 'S
Hrede 9
aecece e

*e

[ ]

[ ]

&'
eBtiy @

*Pe
0Z000 9
Ghlaod @
riueNe 9
FLIRSY M )
Cre e
LESEMD
THH00 0
SZoive’' 0
BLEAEG
SEECOS "
LIGZON 9
L2080
tEEoNe "9
(33480 X ]
I LERO @

L 2 ]
ae
L. ]
998LTN 9
L J
L3ioee ¢
cElo0a
L EFY )
652909 ¢

991040
LT¥AL M

Ll N ]
L2341, M
THESSe e
stiloe-e
tr430 L M ]
GZLO00 "0
Li 1l N
FECAOR S

L

L ]
L ]
e's
Barabe '@
e
SIE008 "9
8.1098° 9
LY e
[sZa0e 9

T4ECHE "
Bvoelo-®

Liaas M2
2550008
[~ M
EECeIs 9
Loz M
1L 2 a1 M ]
LAk . M
121 4% . ]

*e

panuI3jucy

[ A ]
e
L
iEEATO @
.0
L1100 A
Criaan- e
LR 1L L
IETEe9 "8
E11] | M )
STREIN’ S

(48 11 N
200008
1595z
LELE00° 9
EOOTod &
49008 M ]
L1 L
LEOTHS W

*”e

BS1 80D
LY oasd v
WILHYHD
AdISIS!IN
YASLTVIH
SHASMTE
ASONVITE
STISOLnY
WALV
M120TLOH
ViV
HASMIMId
TIVLIR
TIVS108A
SYALOTTI
31 NNNNOD
NYELUHLO
AVIMLYA
I 4TIALY
TTEHSL0E

-q xTpuaddy

90



| LB0eR" 8
L6T9ON N
s6L1 0’ @
EPSERN @
LTI B
TELIDR D
oasees @
10889
FUIRE
LEAT0 9
yaceid d
BZOLNE 9
TlAL @

e
fsooes’ e
[RF X~
LB e
126l "9
190000 &
SeLENe B
L e ]
SaTede " §
CoCoee '@
AR TN

19500879
cobnin’®
2900089
sCoaed ¥
T3 0000
SEcode ¢

e
sonoee’"
999184978
TLZOIe" @
Syices’e
aiscee’e
T9E1IB9 9

e'e
STe008 8
TR
FESCCTR @
lBLIee

e
LEPHDO "D
ATTHES' S
IEE008° 0
(12 4% . M J
WASLTVIN

L2
SLIESE R
I
Troaes’ e
P ]

e

*e
Ll il
zZaelde @
j11 10 . I ]
teeaad D
(38 24
[RAFA LM

L

LM ]
950408°9
Se%e0R'e
LIk~ M

e
LTS
19000
LIGME S
Ll M
AL S0C

00000 0 E- ¥
[ A 4SLOTIN'®
P2~ L M »ETEVE 0
SOTHIG B 1ZET88 ¢
f--48 . M seoave 9

*e 180EID° @

e *e

e ..
13000879 cariee
LEETOS § LNt
LevSee" e Zestod 8
SETLN0' 0 SIZeNd’
TZL000'% FeL0es @

e *e
conasd ' ¢ e
FLeTeR’ e *eviee e
STECO S (1,
BLEMIS'® SLEMe 0

e e

e [ M J
z ‘e M
cECIE’ 0 L1
SHIC" *e
ABYIR SrIsnL0Y

*e
LIBE
+oldad 0
BIESEGE" ¢
39800 %
WIS ®
LSTo0R 8

e
I 00 9
00C08° 0
IEHTHE B
1 AR L
IELYae @

L

L
LOveae 9
6166818
4L6CO0 'S

L J

L
495Tie e
i 144 M
EavEee '@
IMINALYR

HTe 'S
[2: 18 L 8
110009
L£90800° 8
EGR 0
STHHN Y

e
SLeded ' D
150C04° ¢
yacoee o
31154 B
pAkm:L
Pibbde’'d

*e
Socede @
calsoe 9
16LZ00° 9
66ERTE ¥

e
IRIGNE" 8
[ 1 FAR M)
SZL000 R

a0
M120L0K

Srelee 9
LEEGSE 0
ICHIDS R
2200000
»a908 e
(121 10 M

e
Se00es " ¥
113808° 8
[6Zid0 @
1409480 ° 0
q(pe9e @
acTeee e

e

e
a1 aeee 8
[TAL . ]
1132 FX o

[ M ]
80008 ° 8
aZolee e
LFAE . M ]

L
YLSITYN

ZTEORO B $TTHNE° G
ZezIee '8  GZSeeR' 0
1ez8068°'8  JUCAN'@
scesee’s  FLINNG®
QIesse’s  SICENN’D

e ' N ]

0 e
STHeER 8  FIONE'®
430000°8  EZREE®
£oHesS° 9  ZOOZHE' @
[DZges 3  B6HETE'®
£OB9Ze 8  +SCIOE"S
ICEENS 0 cHPvRe @

a0 oo
1e0ee8° 0 e
gesesn s  G91288°9
£12008°9  SGI800°0
le9dee 9 LiZe'®

.o o0

ve e
oseees s S100ee’e
Zoeee'n  Lleseed

) e
uagWIMI 4 TIvIDd

panuT3Iuod

I12400 3
DULSNOD
VLN [
WLO-1M TN
OWdSNOd

'3 XTpuaddy

91



*e
EIL T L
500008
[2E 1] M
tgioee’e
16099°8
L0009 0
[LIR . L N
S4LLER @
1961089
112978°®
srenie’d
414
S¥E500° 8
L3240 M
geaLee®
ZZE1(®' 0
45100078
FLIEDO™ @
(1] L

*'e

*

e
»SIiGE'S
LotRe® @
SOTHIS ‘¢
frad B
ZeoZee' e
.2 8 ]
41Z00° 0
ATHLLE™ Y
FLIGNS @
FHEGHE” R
GERLIE
(4 24 1< B
L1434 )
ETHRIE"®
ThaioeN @
ZATZON 'S

[ M

L M

*e

*e
TLSESH &

*e
(35
yasree e
1663080
Ler900 0
TLINNO' S
IMHILE S
(13-
*ZHM 8
e300 &
STiETe"®
a8 ‘¥
LSIO00°
19T¢00° &
»ETENS P

*e

*e

L X

e
2E968° 0

[
(931 )
FLHLLS" S
(1124 B ]
TR 0
[
ez 'S
YIS e
»ECTHE' S
L= 10
e etin’ e
T16800°0
SLYINS R
LECO0S'§
RLESS @

o0

L N

e

L J
f=a 4 L

e
cioeed 0
[ i B
oz 8
(1% 4 M
ToIees "¢
|;wLLTE S
L - JAL
ariiee
=182 M
IS
(1 . M
1’9
e
b1 ]

*9

L
[ M ]
e
Zo¥LER S
L
1 aed e
QLTI &
TG0
e
*e
c4FIER @
L99900° 9
(8, L
THIEMN S
cTHLIN' D
37y M)
13 1118 M J
SCESOO @
riaboe o
e

*e

[

ee
ZERLEN W

L 3 ]
azTaee '@
E-
[ 1030 L
LEBYOR ¥
[l
Ly
S115Z0° 0
IHFEM 0
ZZIsT e’
coasse’ 0
ILETH' @
TiLsp' R
S6L400° 0
STrZIE R

e

[ M}
e
*e
aeTIEE " ¢
TTHONE 0
BE0NNS
4500000
160000° 0
P8

- ETON0 " §

40 L e
TENRiIS'®
cOetes e
"PWaTHe
(e T4 M J
sZEZTee @
ST e
[I8F . B ]
L

e

e e
e e

e T
scaetl @ HEEIE’S
z99148° e oo
SPIEGR R 195048 S
SEPINS 0 IFINE S
giosee'e  SHILES
golIze'e  [IEVe8'S
TINN'S 121N 0
Auce’s CHNree
*EWMIT R 1= 1 M
seLIDE’'®  SEIL0’®
WIENE'S  TELMES
vhOLI0@  TLLIZE'
fLeUte’®  BICINR O
9zToro8 0 HECEE S
ariese 9 itiesd'e
ZZTINe R LPIeBe R
*”e o0

panuTIuo)

g1 BO0D
LYV
WLLYVED
AHIOSIH
WIRLTVIH
SWISONEL
IS0WY Y
frawoLny
IdIwaLvYa
1081108
YISTTY N
uosSHiNld
vl
TIVF10HA
SYALITTE
1 MOHHODY
WVIMRLD
OLIMLYR
JDINIELO
g D100

g Xrpuaddy

92



[ M ]
eooeid’ e
[ 1L M

e

*e
[ g N

L M ]

*e

L

L]
L

[ ]

e

[ ]

[ M ]

[ M 4
2000T0 8

LM J

[ ]

L

[N ]

*e

L

| M [
4'8 [ D8 ]
8'e ' ]
a0 .
" ] [ ]
ve o
e e
LI | M
[ I ] [ M ]
[ ] »0
a9 a*'e
a'e 28
e e
L FE
oo e
s [ M ]
e s
.o e
.0 e
e e
e | M
e e
a'e L ¥
VOV WALMVED
pPenuUTIUCD

JOWIALON

LiBNHDYH
AMTNEDVH
¥ ATIRLG
frdivia
it FloE
DMLY i
FIATILS

aA0W CIBD
SHEN didd
MY
Ix1aadnd
SN TA00R
STIIXAL
Qi 137004
209LSN0D
YULCAN 1K
LLO-3M IR
oudsed

S40MD
AD0ISALT

*q xIpuaddy

93



*ete 8
a4’
L
J009l0" 8
e
*°e
e
L ]
*e
*+'0
a'e
L
L]
L
[
Lo
L e |
e
L
L,

R e
0uTHI @ 80LBIL " 9
T 1E LT NI
BoSer! "8 ecuCIn ‘@
o8 .9
.e o'e
e e
e e
oe e
e ..
0062E0 9 o8
TG A eoRIte @
e'a 80
.o e e
8865188 SRSEEe &
o9 *e
e o9
') e
N e
*eTI " e
pPanuIIucC)

A81 S&ICO
Ly Ys

WALHYRD
AYISDEIN
HISLTVIH
SHASONdA
AN IS
ANV
T FWQLYE

NI D0LLOE
Y1V
unsMiai g

TIVLEH
TTVIIOEM
SY2LOITa
O 1 HARMOD
NYHIHHELO
MVUIMLYA
DoNIRLO
TaEaLY

-4 xTpusddy

94



APPENDIX F

1978 Regional Interdependence Coefficients Matrix
{43 X 43) for the Seventeen Northern Ohio Counties
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