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DISCLAIMER

The contents of this report reflect the views of the authors, who
are responsible for the facts and the accuracy of the data presented herein.
The contents do not necessarily reflect the official views of policies of
the Washington State Transportaticn Commission, Department of Tramsportatiocn,
or the Federal Highway Administration. This report does not constitute a
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THE WASHINGTON STATE TRANSPORT I/0 MODEL
Soa5 AAoNINGION STATE T

by
Philip J. Bourque
University of Washington

Summa ry

This report describes the formulation of a transport-oriented
input-output model for Washington state as an extension of a more
general study published earlier this vear.* 1In 1982 more than 80,000
jobs, representing 3.9% of all state employment, were directly involved
in providing transportation services on a commercial basis. It accounts
for nearly 5% of the gross domestic product of Washington State. Such
statistics attest to the importance of the industry in this state. Yet,
very little is known about the value of its output, its markets, or its
Procurement impacts. This feport attempts to provide estimates of such
activities, by mode of transport, and impact multipliers associated with
the demand for transportation services.

The central foci of attention are the conceptual and empirieal
difficulties associated with measuring input-output flows of the
transport sector within the Washington economy. The Transportation
Services sector in any regional input-output model poses signifiecant
problems related to the meaning of the term "regional" in a sector in
which the factors of production are mobile, of the appropriate
definition of includedlactivity, and how its regional ocutput should be
measured.

This paper begins by forming a gecgraphic model of the activities

7 Bourque, Philip J. The Washington State Input—OQutput Studv for 1982,
Graduate School of Business Administration, University of Washington
(March 1987).




of a regional transportation sectcr compatible with the rules of input-

‘output accounting. How other studies measure transportation sector
flows is discussed briefly. There follows a description of the
empirical procedures used for estimating output, inputs, and sources of
revenue for the Washington Transportation Services sectors. From the
gross flows table, some summary observations about the dimensions of the
industry are made. The report concludes with a discussion of transport
multipliers.

The Transport Sector: Problem of Regional Identity

For purposes of an input-output analysis it is necessary to
develop estimates of the value of output of each industry sector, the
distribution of putlays for operating inputs to support its output, and
the disposition of that output to the various industries which use its
product. These estimates of output, purchases, and sales must be within
the cogtext of conventions appropriate to regional input-output
accounting. These accounting conventions are broadly derived from the
principles of national income accounting. However, the particulars of
their application to regional accounts, and to the accounts for the
Transportation Services sector in particular, have not yet been examined
{let alone standardized) in significant detail.

For the Transportation Services sector of a regional economy, the
estimation of output, purchases, and markets present numerous conceptual
and - empirical problems: In the first instance is the difficulty of
defining the output of the Transportation Services sector in a regicnal
context. In principle, the output of a sector is measured by the
operating revenue generated by the resocurces (capital, labor) employed

within the region. However, important elements of the Transport



Services sector (e.g., rail, air, water) are institutionally organized
,and operated on a systems basis which cross regional boundaries. The
factors of production engaged within the Transportation Services sector
are spatially mobile and their "place of output" cannot be as easily
defined as those of a factory. The inter-regional mobility of capital
(e.g., airplanes) and labor (pilots) suggest that the very notion of
regional identity of cutput is to some extent inappropriate. However,
the demand for comprehensive economic information at the state level,
where economic planning and policy aralysis is so important, justifies
the search for an accommodation te¢ what (in the case of certain
transportation services) is an unnatural geographic entity for economic

i

accounting,

A second complication is that input-output accounting conventions
specify that the flows of goods and services be measured in terms of
producers’ prices. This assures that the revenue received by a producer
equals outlays by purchasers. To insure this equating of the cost of a
purchaser to the revenue of the producer, transportation andg
distribution margins must be treated as a purchaser’s expense. The rule
may be succinctly put: the purchaser pays the freight. This accounting
rule is often inconsistent with actua: market transactions since goods
are frequently scld by producers on a delivered cost basis. 1In reality,
purchasers of goods often do not know how much of the markup over
producers’ costs is associated with the prices ﬁhey pay for inputs.
Transporters of goods do not usually know the identity of the users of
goods since they pass through marketing channels, nor do purchasers know
how much of the value of their outlays “epresent transport costs for the

game reason. This makes the use of surveys of transportation agents
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{(for whom did you provide this service?) or recipients of delivered
goods (how much of your purchase cost represented transport charges?)
.virtually meaningless.

Combining the notions that (a) the state is a desired geographic
entity for the measurement of output, input, and markets, (b) the
operating revenue of a sector is defined by its association with the
resources employed within the state, and fc) the purchaser pays the
freight, then a simple geographic model {(Figure 1) of the Transport
sector may be sketched. According to this scheme, the services provided
by -- and hence operating revenues attributed to -- the Transpert
Services sector are derived from fcur sources, namely

{a) Revenue from intra-regional traffic

(b) Revenue from movement of goods produced within the region

and exported to other regions

{c) Revenue from movement of goods transshipped thru the region

Q) Revenue from movement of goods produced outside the region

and consumed within the region

The revenue sources shown in Figure 1 by solid lines represent
revenue of the Washington Transportation Services sector because such
movements take place within the state. Such transport revenues are
either costs to purchasers within the state or they are costs
attributable to out-of-state purchasers (the purchaser pays the
freight). The dashed iines represent out-cf-state transport services.
These costs are imported transportation services by Washington
purchasers, or they are non-Washington transportation services
chargeable to out-of-state purchasers. Since input-ocutput accounts are

concerned with real flows, where and how payment for transport services



Figure 1:

Revenue Sources of the Washington Transportation Services Sector
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Intraregional transport revenues
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Revenues derived from the transport of
goods produced in the region and exported
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Revenues earned on transhipments

Revenues earned on imports
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is made, the purely financial aspects (for example, ticket sales of

airlines), are not germane. It is the revenue earned by the transport
services provided by the resources employed within the region (and by
whom and for whom) and the outlays to support that level of activity
which count. In this scheme, the state of registration of capital
(e.g., vehicle registration or vessel home port), or place of residence
of labor, are not relevant; place of work is the dominating critericn.

Since transport carriers do not identify sources of revenue or
operating expenditures within narrowly defined political borders, such a
revenue scheme may appear quite artificial. As previously observed,
transport carriers operate on a system basis, and systems may Cross
state lines. It is not a question of what portion of a carrier’s
operating revenue is received within the region, but what part could
conceivably be apportioned to a region as a result of the labor and
capital employed therein.

The principal value in the diagramatic model of revenue flows is
that it recognizes transportation services are associated with exports,
imports, transshipments, and intra-regional movements. Unlike some
methods of accounting for the activity of transport services, the model
developed here recognizes that cross-hauling, or the simultaneous import
and export of transportation services, occurs within a region. Out-of-
state transport services associated with procurement by Washington
business represent ag import of transport services. Washington
transport services rendered out-of-state buyers represents dollars of

revenue derived from the export of transport services.



Alternative Approaches to Measurement

Given that regional input-output modelling has been the dominant
framework in regional economic analysis for the past several decades,
one might expect that accounting standards for measuring regional
transportation services would have evolved. - Yet, a survey of various
input-output studies indicates only cursory attention to the measurement
problems in the Transport Services sector.

There are two basic methods of construction of regional input-
output tables. One of these is callsd the survey approach, although
practically all such studies depend only partly upon surveys, Its
identifying characteristic is that it exploits available regional
'information and minimizes reliance upon national relationships,
However, such I/0 studies have been extremely vague as te how
information from field surveys facilitates the identification of export
and import flows in the Transport Services sector. »a Perusal of several
well-known regional studies of the Survey variety were mute about how
such survey information is actually used to measure the distribution of
regional transport, output or sources of transportation industry revenue
within a region. The reknown West Virginia study (1965) scarcely
mentions the uniqueness of the transport sectors. Cther survey-type
studies, including those for Kansas (19¢5), st. Louis region (1967), and
Tennessee (undated), do not discuss attendant details sufficiently te
provide procedures othérs could emulate. The landmark Philadelphia
study (1959) explicitly recognizes the desirability of distinguishing
between transport revenues earned on intra-regional as contrasted to

inter-regional shipments; Tecognizing the extreme difficulty of



obtaining appropriate information from transportation enterprises, that
study used national transport cost coefficients, apparently unmodified.

As an alternative to survey modeis, less exacting, speedier, and
low-cost non-survey techniques have dominated regional I/0 modelling in
recent years. I call these "synthetic™ methods because such models are
derived by manipulating of national input-output relationships to
estimate regional flows and their derivative multipliers. Typically, as
in RIMS II, simple location quotients (LQ's) are applied to national
procurement patterns to derive proxy values for direct regional input-
output coefficients. From the direct coefficients, estimates of
multiplier relationships and inter-incustry transactions may then be
derived.

Synthetic-models begin with the assumption that the total {or
technical) procurement patterns in each sector in every region are
identical to national purchase patterns, differing only in scale. This
is patently untrue for every sector, even at the most highly detailed
level of sector disaggregation for which national coefficients are
available. Two examples of the technical structure from Washington
State are illustrative: Washington’s aircraft industry (dominated by
Boeing) is largely final assembly work whose inputs differ significantly
from those of aircraft parts producers; electricity production in
Washington is uniquely dependent upon hydro-electric power sources with
negligible inputs of codl, petroleum, or gas.

The use of national coefficients as the initial point of departure
for estimating regional input patterns also adopts the national
conventions in respect to the treatment of foreign imports. In the

national table, comparable foreign imports (those with a domestically



produced counterpart) are treated as an addition to the output of the
domestic producing industry and distributed to various users in the same
'pattern as the output of domestic producers is distributed. Applying
national input coefficients to regions assumes a given industry in every
region is equally dependent upon foreign sources of supply. This is
almost certainly not so for industries proximate to seaports.

Perhaps the most problematical phase in attempting to deduce
regional input-output flows from national I/0 studies is found in the
use location quotients (LQ's) to convert the borrowed national input
pattern to deduce the regionally-supplied component. . A location

quotient is a measure of a region’s self-sufficiency in some activity

defined by
T ,.r
(D 1} = &5
i n,.n
e /E
where ei is a measure of the activity of the ith industry in
region r

ET is a measure of aggregate activity in region r
eg is a measure of the activity of the ith industry
nationally
EM is a measure of aggregate activity nationally
Earnings or employment data are usually used to construct LO’s.
If LQE is greater than one, then the output of the ith industry in the
rth region is supposedly more than necessary to meet the needs of
regional users and the excess is exported to other regions. If LQ is
less than one, the assumption is made that using industries must be

importing a portion that input.



Location quotients are next applied to national input coefficients
to estimate regional procurement cocefficients, as shown in equation (2).

(2) rij = LQi . aij

where

~

riy = estimated proportion of total output of the jth industry in

the region which is deliverad to the ith regional user

agy = national input coefficient of the ith industry acquired from

the jth supplier

The most significant conclusion which may be drawn from the IQ
procedure is that each industrial sector in an economy is either an
export sector or it is not. The procedure does not permit any sector to
be exporting its output and users of that product also importing it.
This means theré can be no cross-hauling of products or services among
regions. This is contrary to general observation. The well-known
dependence of the Washington aerospace industry upon imports of
aerospace products (parts) from elsewhere while simultaneously exporting
aerospace products (completed aircraft) is illustrative. The
importation of fresh fruits and vegetables during the year while
exporting the same products occurs because of seasonal differences in
the maturation of crops. Tourism is still another illustration of
cross-hauling.

Most relevant to the present inquiry, transport services, an
important activity in every state, provide services to facilitate the
export of goods to out-of-state purchasers. They also provide
transshipment services by facilitating the movement of goods produced
cutside the state té users of those goods located outside the state.

Furthermore, they provide transport services between producers and
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customers located within the state. Finally, since Washington
industries purchase inputs from suppliers elsewhere, including purchases
1from transport sectors elsewhere (the "purchasers pay the freight"
rule), transport services are imported.

S5imply put, transport gservices are both exported and imported, as
well as providing local service.

The principal conclusion drawn from this brief methodological
discussion i= ﬁhat neither field surveys of location quotient approaches
can provide a satisfactory procedure for estimating the input-output
patterns of regional transportaticn industries. Since the Rosetta stone
for this purpose has yet to be discovered, the analysis in the following
pages provides an approach to address the problem in a pragmatic
fashion. In pa¥ticular, the procedure attempts to identify levels of
exports and imports of transportation industry services. Both turn out
to be important to the Washington economy.

Defining the Transport Service Industry

For purposes of this study the Transportation Services sector is
defined in accordance with the Standard Industrial Clasgsification Manual
(1972) to include "establishments providing to the general public or to
other business enterprises passenger and freight transportation... and
the U.S. Postal Services.™

This definition of the Transportation Services sector includes all
transport services provided for sale on a commercial basis, but excludes
from its scope self-provided transportation (owner-operated trucks,
buses, vessels, aircraft). It includes the U.S. Postal Service, water-

related activities of public ports, marinas, ferries, public transport



11
and chartered buses (including contracted school business), but not
school-provided bus transportation.

Excluded activities include self-provided transportation services
by manufacturers (e.g., owner-operated vehicles) or households,
government operated transport services provided without user charges,
‘and public administration of transportation service activities by
governments (e.g., Coast Guard, Sea-Tac Airport administration by Port
of Seattle, Federal Aviation Administration).

Following the SIC system, elements of the Transportation Services
sector are subdivided into major SIC groups as shown in Table 1. Also
shown in this table are the corresponding I/0 sector numbers assigned to
these activities in the 58-sector Washington I/0 model (See Appendix
Table II for a complete listing of sectors). Hereafter, the designation
"Transportation Services sector™ or industry will refer to the combined

modes of transport while sub-sectors will be designated by appropriate
modifiers or I/0 numbers.

Estimating Sector Outputs and Inputs

In principal, the gross output (or control total) of each sector
should represent the sales, shipments, operating revenue, receiﬁts, or
margins earned which are related to the resources employed within the
industry in Washington State. Such information is available for most

sectors of the economy from the quinquennial industrial censuses.
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TABLE 1

Modes of Transport in the Washington State Transport Model

Brigf-"ﬁéscription SIC Group 1/0 Sector «.-
Railraod Transportation 40 43, includes AMTRAK
Local and Suburban Transit 41 44, includes public transit
Motor Freight & Warehousing 42 45
U.S8. Postal Service 43 50
Water Transportation 44 46, includes ferries, pub-
lic ports
Air Transportation 45 47
Pipelines 46 48
Transportation Services 47 49

However, the Census of Transportasion for 1982 is a truek inventory and
use survey. It provides information related te the physical condition
and selected operational characteristics of the truck population but
very little useful data for input-output studies. Compared to other
sectors, the regional economic information system for the Transportation
Services sector is nearly barren.

This study estimates the operating revenues for the various modes
of transport using a variety of indirect estimation techniques. These
estimates are, for the most part, based upon national revenue per
employee or per dollar- of payroll applied to the corresponding input
variable in Washington State. The Washington Department of Revenue
(DOR) gross income statistics have also been evaluated as a source for
control totals but appear unsatisfactory for this purpose. This is

because DOR reportedly includes in its gross income estimates all
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revenues received by Washington transportation agencies regardless of
place of activity. Another data source =-- the Washington Public
Utilitjes and Transportation Commission -- is fragmentary and generally
does not identify regional operating revenue of important inter-state
carriers.

The basis for estimating the operating revenues, value added, and

the regicnal procurement pattern for each transportation sub-sector is

summarized in the following sections.

Rail Transport, WAIQ 43

The control total for the Washington Rail Transport sector is
estimated to be $640 million. This estimate was formed on the basis of
national rail oéerating revenues (including AMTRAK)} per dellar of wage
disbursements applied to wage payments in Washington State. A similar
estimate -- $631 million ~-- is obtaired by using national revenue of
Class I railrocads as reported by the Interstate Commerce Commission
{(Transport Statistics of the U.S., 1982). Track mileage ratios,
sometimes used to estimate regional rail activity, provided higher
estimates but are not deemed as useful an indicator for revenue
estimation purposes.

The wvalue-added component of operating revenues has been estimated
as $423 million based on the national value-added share calculated from
the Yearbook of Railrcad Facts (1982). Intermediate inputs from the
USIO study for 1977 were used to estimate technical inputs, while
procurement from Washington industries was initially estimated by taking
into account the reported sales (from surveys) of other sectors to the

Transport Services sector, and judgement . The final estimates of
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regional inputs into the Rail Transpocrt sector were modified in the

balancing of the I/O table to achieve consistency among all sectors.

Passenger Transport, WAIQO 44

Operating revenues of Passenger Transport Services were estimated
from national revenue estimates and Washington employment and payrolls
data. Various approximating methods yielded projections of Washington
Passenger Transport operating revenues ranging from $280 to $407
million. An estimate of 5330 million was made, based on national bus
revenue per employee applied to Washirngton State employment (including
public employment} in this sector. Incorporated in this control total
estimate are all commercially available motorized transport passenger
service, including bus, taxi, and light rail (but exc¢luding railroads)
and contracted school busing. Self-operated transportation services by
school districts or other government agencies, individuals, business
firms, and other institutions are excluded.

Value-added is estimated to be $200 million, based on the ratio of
value-added to output as reported in the USIO study. Procurement

estimates are based on the USIO study, the Transit Fact Book {(American

Public Transit Association), and National Transportation Statistics

{(U.5. Department of Transportation}. Purchases from Washington
suppliers were estimated on the basis of comments by twc Washington
passenger carriers and analysts’ judgement, then adjusted to be
consistent with the sales distribution of all other sectors in the

balancing process.
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Motor Freight, WAIO 45

This sector includes estab._ishments primarily engaged in public
'transport of goods (commen or contract carriers) and public warehousing.
It does not include trucking or warehousing related to other businesses
such as milk delivery or wholesale distributors.

Estimates of operating reveaiues were made by several procedures,
separately for motor carriers and warehousing, using national operating
revenue per employee or per dollar of payrolls, and Washington
employment or payrolls data. These control total estimates ranged from
$1,089 to 51,429 million. The estimate actually adopted is §1,380
million, which is consistent with DOR revenue data.

The value-added estimate is based on the USIC/1977 study. The
distribution of expenditures and regional procurement were made
judgementally using USIO/1977 Prcportions and operating statistics of

WUTC (Class I and Class II Motor Carriers of Property}, and adjusted to

be consistent with other sectors of the table in the balancing process.

Water Transportation, WAIO 46

Water transport is very significant in Washington State because of
its large sea ports, and its ports upon the Columbia River. Private
sector Water Transport in Washington accounts for 4.1% of national
employment and 4.8% of national payrells in that sector. Using the
private sector payroll Share appliad to USIO output (projected to 1982)
vields private sector operating income of $1,296 million. Additionally,
the output of this sector is defined to include the revenues of water
related public port authorities of $109 million (Governmental Finances,

Vol. 4, No. 2, 1983) and operating revenues of the Washington State
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Ferry System of $45 million. The control total of all included
activities in this sector is estimated to be $1,450 million.

Inquiry made it apparent that the major water carriers could not
identify outlays related to Washington-created tfﬁnsport services, and
therefore the technical input distributions replicate that of USI0/1977.
Regional purchase data for petroleum fuels, derived from the motor fuel
distributions reported by the Washington Department of Licensing, aided
in the distribution of in-state procurement, but other regicnal

purchases were estimated judgementally.

Air Transportation, WAIO 47

Air Transportation Services includes the activities of certified
and non-certifiea air carriers, airports, and airport terminal services.
Absent relevant regional data to estimate regional operating revenues,
the control total was estimated on the basis of national output per
dollar of wage payments and Washington wage payments. This control
total ($918 million) was subsequently revised to $1,151 in recognition
of the large expenditures made by airlines for jet fuels (Department of
Licensing) at Washington terminals. Other intermediate inputs were

based on USIG/1977, and the purchases from within the region were

judgementally estimated.

Pipelines, WAIO 48

0il pipelines (Yellowstone, Olympic, Chevron) represent a
relatively small activity in Washington State, invelving but 87
employees. The operating revenues from within-state transmission

services is estimated to be about $34 million. Regional procurement is
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based on national input coefficients and judgementally allocated between

in-state and out-of-~state.
Transportation Services, WAIO 49

This sector includes the zctivities of travel agencies, freight
forwarders, transportation agents, and miscellaneous activities in
support of actual transportation of goods or people. Operating revenues
of $197 million were estimated on the basis of national output per
worker applied to Washington employment. 1In retrospect, this may be too
low an estimate, given the labor and proprietor earnings for this sector
as subsequently (August 1986) reported by the Bureau of Economic
Analysis. As in other sectors, the procurement estimates are based on
national coefficients and judgementally allocated between in-state and

out-of-state suppliers.

U.S5. Postal Services, WAIO 50

The control total for this segment of the Transportation Services
industry is based on expenditures, as reported in Federal Expenditures

by State for the Fiscal Year 1983 (Bureau of the Census, Office of

Management and Budget). Employee compensation is taken as equivalent to
value-added. The distribution of expenses is based on outlays reported
by three district offices (Seattle, Tacoma, Spokane), while in-state
purchases were judgemenéally allocated.

While the estimates of output and regional input for the
components of the Transportation Services sector may appear to be ad
hoc, substantial forbearance ought to be allowed in view of the

shortcomings of regional statistical systems. Survey approaches, so



18

useful for most other sectors, appear unfruitful. This is because
accounting systems in place do not match (for the most part) the
lgeographic zone (Washington state) which is the center of interest in
this regional study. While the estimates are crude, they are not
without their redeeming features. One is that the estimates of regional
inputs are confined by the estimate of total input. Another is that the

analysts have considered each sector separately, so that for the

combined Transportation Services sector the errors in the components

will be partly offsetting. Third, the regional input estimates have

been adjusted for consistency with the overall table so that some of the
survey-validated flows to the Transportation Services sector become

incorporated in the regional purchase estimates.

It is usefﬁl to recapitulate the estimates of output, value-added,

jobs, and earnings for the Transportation Services sector. These

estimates are shown in Table 2. Still further sector-by-sector linkages

are shown in the Transport I/0 Gross Flows Table, Appendix III of this

report.

Sources of Revenue

The proceeding section ¢f this report provides estimates of the
operating revenues attributed to <the resources engaged in the
Transportation Sector within Washingtorn State. But what are the sources
of those revenues? Since "the purchaser pays the freight" is the input-
output accounting rule, the question may be phrased another way: What
are the transport costs to be charged to each Washington sector for the
acquisition of goods it uses in production? How much does each sector

"buy™ from local transport providers, and how much is imported?
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TABLE 2

Estimates of Gross Qutput, Value Added, Jobs, and

Earnings in the Transportation Services Sectors, 1982

Gross output Value Added Earningsl Jobs1
1/0 Sector ($ millions) ($§ millions) ($ millions) (thousands)
Rail, 43 $ 640 $ 423 $ 247 7.8
Passenger, 44 300 202 177 8.4
Truck, 45 1,380 887 588 25.4
Water, 46 1,450 400 327 11.1
Alr, 47 1,151 472 319 9.3
Pipelines, 48 ) 34 22 3 0.1
Services, 49 197 132 140 7.3
Post Office, 50 365 321 32 11.3
Transportation
Services, Total 85,517 $2,859 $2,122 80.7

1BEA concepts; earnings include wages and salaries, other labor income, and
proprietor income, and jobs include employees, self employed, and unpaid
family workers. Both jobs and earnings include government activity trans-
ferred into these sectors.
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Our experience has been that purchases of goods, producers of
.goods, and transportation agents, are unable to provide sufficient
.useful information to distribute regional transport costs. It is
totally impractical, if not impossible, to use surveys on a systematic
basis for determining regional transport outlays sector by sector.

Instead, an indirect procedure was used to estimate transport
costs. The procedure involves three stages of calculation. First,
total transport input costs were estimated by applying national
transport cost coefficients to the value of output of each Washington
industry. Next, the total transport costs were allocated regionally

{in-state, out-of-state) according to the ratio of in-state purchases to
total intermediate inputs. Third, estimates of the within region
transport costs associated with imports were added. This estimate of
total within-state transport expense was then inserted in each column of
the regional input-output table, znd other purchases reduced to
accommodate these transportation costs within the control total
constraint,

More specifically, the national transport input cost coefficients
were borrowed from the USI0O/1977 study, and applied to Washington output
levels on a sector-by-sector basis, as shown in equation (3). This
equation assumes that each sector’s total transportation input costs per

dollar of soutput in Washington are similar to the nation.

~

(3) XV us . oxv

t,] ty] 3
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where t = transport sector
us _ th
at . = national transport input cost coefficient for j
> industry
w . th
Xt i = estimate of j Washington industry transport
1]

charges

The transport costs for the jth industry are then geographically

distributed by the ratio of in-state to total intermediate purchases, or
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intermediate inputs from Washington suppliers

[ae ]
b
[l

intermediate inputs from all suppliers

estimated Washington within-state transport costs
on goods supplied by Washington producers

Equation 4 is an approximation of transport input cost on locally
produced goods purchased by Washington industries. It assumes that in-
state transport costs, relative =-o total transport costs estimated in
equation (3), vary with the fraction of intermediate inputs purchased
from within-state suppliers. While the assumption underlying equation
(3) probably understates total transport costs incurred by Washington
industries (because of the remoteness of Washington state from centers
of national production}, equation (4) probably has a bias in the
opposite direction (because it assumes transport costs per dollar are

the same on local purchases as imports) .
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ihe third stage in the analysis of transport costs involves an
estimate of within-state transport costs associated with imported
intermediate inputs acquired by various industries. Logically, a
portion of the transport costs on imports into the state must be assumed
to be provided by Washington transpcrters. This is soc because a
substantial portion of transport costs are assaociated with the make-up
and break-up of movements at each end of the traffic flow. We have
assumed that one-half of the transport costs on imports are associated
with services provided by the Washingtcn transportation industry. This
"rule of one-half"™ may exaggerate the in-state transport service cost on
imports. Bpplication of a gravity flcw model, in which distance is a
variable, mightlimprove upon the estimate procedure used here but would
require further information on the specific origin of imports into each
sector. The principle of including locally provided transport services
on imported goods does appear to be correct, in line with the scheme
outlined in Figure 1. Thus, total transport costs are theose associated
with internal movements of goods within Washington plus a fraction of

the transport costs on imported goods, or

~
~ ~

w oW, W oW W, W

(5) xt:‘J?’ SR VMR VAR C ORI Wi
The final step involved accommodating these costs in the regional

input structure of each sector. Since the various inputs into each
sector were initijally estimated on a "costs of materials consumed™ basis
which includes freight; the transport input costs were accommodated by
"backing out”™ these charges from the costs of other inputs. Generally,
the transport costs were accommodated by a scaler adjustment (downwazrd)

of other inputs. Margin adjustments for the trade sector were made at

the same time, and both the trade and transport adjustments were
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combined with the balancing, or reconciliation, of the table. 1In this
_Process the expertise or background knowledge of analysts, who carried
‘out the initial analysis for individual industries, played an important
role. That knowledge explains why Logging and Saw-mill sectors are
reported to make unusually large purchases from truck transportation
(contract trucking and logging provided by independent truckers), or why
Aluminium makes large purchases from Railroads (movement of alumina from
port of entry to interior mills).
In the process of estimating transport cost by mode, a variety of
special sources were drawn upon which provided hints rather than firm
statistics. For agriculture, a study entitled Transport Needs of

Washington Agriculture (K.L. Casavant and Frank Dooley, Washington State

University, 1983) was valuable. Unpublished tabulations from the 1982
Census of Transportation relating to origin and destination of selected

commodities (physical flows) were useful, as well as the Statistical

Yearbook of the Western Lumber Industry, and the Washington State
Iransport Plan Update 1983-1985. But clearly, relevant published

information is in short supply, and the information available is far
from ideal.
Distribution of Tranaport Charges to Final Markets

Since outlays for Washington transportation services by the
intermediate sectors totaled 51,361 million while operating revenues are
calculated to be $5,51f million, then $4,156 million of revenues is a
residual which can be attributed to final demand. Final demand includes
outlays of Washington consumers, investment, state and local government,
and export sales. The latter includes exports to the rest-of-the-U.§.,

foreign exports, and the geographically undefined federal government .



24

The allocation of Washington-suprlied transport costs to consumer,
state and local governments, and inves:ment followed procedures similar
to those described earlier. The remainder, amounting to $3,279 millicn,
is indicative of the transport revenues associated with exports,
including transshipment services. While these distributions, shown in
Table 3, are orders-of-magnitude estimates, the distribution to
exogenous markets have no influence upon the estimated multipliers for
the Transport Services sector or any other Washington industry.

TABLE 3

Estimated Sales of Washington Transportation

Service Sectors to Intermediate and Final Demand
{millions of dollars)

' inal Sales
Sector Intermediate Final §

_Name Sales PCE WA S&L WA GPDI FED EXP-US EXP-FOR Total FD
Total $1,361 754 100 23 85 2,666 528 4,156
Rail 203 40 1 5 7 335 49 437
Bus 36 172 65 - 1 25 1 264
Truck 624 200 6 15 31 385 119 756
Water 230 50 2 2 15 903 248 1,220
Air 126 200 13 1 20 692 99 1,025
Pipelines 6 7 - - 1 19 1 28
Services 36 10 1 - - 140 10 161
U.S. Post 100 .75 12 - 10 167 1 265

One impresgsive statistic stands out: the highly significant flow
of total revenues of the Transport Services sectors associated with

exports. Transport operating revenues associated with exports to the
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rest-of-the-U.S. are estimated tc be $2,666 million, and those related
to foreign exports are $528 million. These important sources of the
mWashington transport system operating revenues are not really surprising
to those familiar with the export-dependence of the industries within
the Washington economy. Such export-oriented industries generate
substantial traffic revenues for commodity carriers and for the
arrangers of shipments (freight forwarders, shipping agents). Visible
in the seaports, especially those of Seattle and Tacoma, are the cargo
activities associated with the transshipments of commodities. Seattle
is also a regional and international airline hub for both passenger and
air freight services. The Washington Transportation Services sector is,
indeed, an important "export sectcr” for the Washington economy .

The Washington Transport-Oriented Gross Flows Table

The Washington Transport-oriented Gross Flows Table, Appendix III,
provides a detailed quantitative description of the transactions
structure of the Washington economy, including the linkages between the
Transportation S$ervice sectors ard others. Each column of the table
shows the operating inputs acquired by each Washington industry from
others within the state, the value-added by the resources employed
within each industry, and its purchases from out-of-state suppliers.
Each row of the table shows the Washington Markets of each sector and
sales to final users.

Some highlights Eoncerning the quantitative dimensions of the
transport sectors -- believed to be reasconable approximations in terms
of order-of-magnitude -- follows:

® The Transport Services sectors contributed nearly §3

billion, or 4.9%, of the GSP crezted in Washington State during 1882.
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The GSP originating ({(value-added created) within each sector of the
transportation industry is shown in Table 5.

® The Transportation Services sectors are important markets
for several Washington industries. They are a significant purchaser of
the output of petroleum refiners, spending about $§664 million for fuels
which represents about 14% of the cutput of the Petroleum sector.
Service sector inputs intc the Transportation sector were worth $§170
million. Lesser amounts were purchasec from 35 of the other 48 sectors
in the Washington state model.

¢ Every industrial sector in Washington depends, in varying
degrees, upon Transportation Services. The leading transport-dependent
industries are shown in Table 6.

® The Transportation Services sectors are important export
sectors in the Washington economy, in that out-of-state users of the
Washington transportation system contribute to its revenue. The export
of transportation services (sales to rest-of-the-U.S., Exports-foreign,
and sales to the Federal government) amounted to $3.3 billion. These
revenues are earned in the process of shipping Washington products to
out-of-state customers, non-resident passenger services, and earnings
from transshipments. The leading exporters of Transportation Services
are shown in Table 7.

The export of Transportation Services accohnted for 8% of total
Washington State exporfs. Transportation Services accounted for about
6% of Washington’s total foreign exports, and 11% of exports to the
rest-of-the-U.S. The greater relative importance of the latter may be

due to the greater inbound transshipments as compared to outbound.
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Transportation Multipliers in the Washington Economy

From the Transportation I/C Gross Flows Table, Appendix 111, it is
possible to derive multipliers, by mode of transportation. Casual
readers are warned that there are numercus multiplier concepts.

There is no such thing as “the" multiplier for an industry. There
are different multipliers depending upon the form in which the
multiplier is expressed, the range of repercussions encompassed by a
multiplier model, and the particular theory (or theories) of interaction
uzed to construct them.

In this presentation we avoid a technical discussion of all the
options used in preparing multiplier estimates. Our discussion is
limited to Leontief-type multipliers which measure the direct, indirect,
and consumption-induced activity (called Type 1I multipliers). Even so,
the size of such multipliers varies depending upon the particular
variakles in the numerator and denominator of multiplier ratios, and the
particular theories of interaction used to derive them. A useful
discussion of problems of this nature may be found in The Washington
State Input-Output Study for 1982 (March, 1986).

Are Transportation Service Exports Exogencus?

Impact multipliers are postulated upon the export-base theory of

regional change. This theory (briefly) argues that changes in exports
of a sector leads endogenously to changes in the output of other sectors
which supply inputs tb the export industry. The ripple effects
reverberate throughout the economy leading to a multiple expansion or
contraction of output, employment, and income.

A representative I/0 model used for the assessment of these

impacts is of the form X = {I - R)‘l Y, where Y is a vector of final
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TABLE 5

Rank Contribution of the Washington Transport Sectors,

by Mode, to the Washington GSP, 1982
(millions o7 dollars)

Sector - GSP
Motor Freight & Warehousing $ 887
Air Transportation 472
Railroad Transportation 423
Water Transportation 400
Postal Service 321
Local and Suburban Transit 202
Transportation Services 132
Pipelines . 22
Total Transportation GSP $ 2,859
Total Washington GSP 58,487

Transport GSP as a percent of total 4.9%
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TABLE 6

Leading Transport-dependent Industrial Sectors

in the Washington Economy, 1982
(millions of dollars)

Sector Transportation Inputs
Wholesale & Retail Trade $ 200
Logging 150
Services 100
Construction 75
Aerospace 41
Aluminium _ 40
Canning and Preserving 40
All other industries” 715
Transport sales to Washington Industry $1,361

*
Includes intra-sector transport sales of $360 million.
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TABLE 7

Leading Exporters of Transportation Services,

by Mode, Washington State, 1982
{millions of dellars)

Sector Revenue from Exports
Water Transportation _ $1,166
Airline Transportation 811
Motor Freight and Warehousing 535
Railroad Transportation 391
All Other Transportation 376

Total Export Revenues $3,279
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demand (including exports), R is a regional direct input coefficient

_mmtrix, and (I - R)~! is the interaction matrix. Such a model
constitutes the basic framework for the estimation of multipliers in
this report.

In a typical application, the multipliers of the interaction
matrix are applied to a change in exports of the ith sector to estimate
the total impact upon other sectors of the economy . Ordinarily, the
export demands are assumed to be exogenous, and independent of one
another.

However, exports of the Transportation Services sectors are, at
least in part, dependent upon the exports of some other sector(s). This
means that, in_ the assessment of multiplier impacts, consideration
should be given to the joint effects of the impacts of the exports of a
given sector Y;, and the transportation exports Y, simultaneously
induced.

Whether this bias in the measurement of impact multipliers is
important or not is not ascertainable. In the context of all the other
difficulties (both empirical and conceptual) associated with the
estimation of multipliers perhaps it deserves to be an issue buried with
others as a "noise" factor. On the other hand, given the importance of
Transportation Service exports as revealed in this study (they
constitute 8% of Washington exports) it does seem potentially
significant. .

One possible means of addressing this problem is to consider any
export demand in two parts. The first would be the export demand for

the output of the ith industry, while the second would be the associated
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transport exports. The total impact would be the sum of both

components.

Estimates of the Transportation Services Multipliers

From among the various versions of impact multipliers, three are
presented in Table 8. These are the value-added (or GSP) multiplijers,
the earnings multipliers, and the jobs multipliers. The value-added
variable is defined as GSP originating, inclusive of labor compensation,
rent, interest, profits before taxes and_capital consumption allowances.
The earnings variable is defined as the income of labor (wage and salary
payments and other labor income} and proprietors income net of capital
consumption allowances. Jobs are defired to include full and part-time
employees, unpaid family workers, and salf-employed persons.

Since all the multipliers shown in this report are Type II, the
issue of closure by which household consumption is made endogenous to
the model is important. The underlying theory of income and consumption
for each of the three sets of multipliers is made explicit in the

following statements:

C

M ] - — - .._i

Value-added multipliers: VAi = vi(xi), Ci = ci(VA), ¢4 GST
. L Cy
Earnings multipliers: Earni = ei(Xi), Ci = ci(Earn), c; = gf
. s . 3 — = ._i
Jobs multipliers: .Iobsi Ji(Xi), Ci = ci(Earn), ¢y = ¥p

None of these formulations of the multipliers is fully
satisfactory. The value-added multipliers tend to exaggerate the size
of multipliers in some sectors and understate them in others. The
reasons for this is the varying degree to which the value-added in
different sectors is linked to consumer expenditures within Washington
state. By contrast, the earnings and jobs multipliers are

systematically understated since consumer spending coefficients are
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ratios of consumption to personzl income, rather than consumption to
earnings. Unfortunately, no estimates of consumption uniquely related
‘to earnings are available.

Not only are there different theories of model closure, but there
are different methods of stating multiplier relationships. The sectoral
multiplier tables in the Appendix tables show the direct, indirect, and
induced impacts per million dollars of final demand. By dividing the
total impact per million dollars of final demand by the direct impact
per million of final demand, these are restated into a more conventional
form of total impact per unit of cirect impact.

For all transport modes, the value-added multiplier is $2.03.
This means that for each one dollar of value-added directly created by
the export of transportation service there is, on the average an
additional $1.03 created in other sectors of the economy indirectly and
thru induced spending by households. The Transportation Services sector
value-added multipliers tend to be somewhat smaller than the average of
all sectors of the economy combinad {$2.79); this is because the direct
value-added (the denominator of the value-added multiplier} for the
Transportation Services sector is relatively high. The multipliers for
individual modes of transportation tend to cluster around the average
for all transport sectors combined.

The earnings multiplier averages $1.53 for Transportation
Services, as compared.'with $2.(8 average for all industries. The
Pipelines earnings multiplier is unusually high; this reflects the fact
that there is no proprietor income in Pipelines (all Pipeline systems
are corporate) and direct labor income earned in this sector is very

small relative to its revenue. Again, small denominators make for large
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multipliers. The reverse situation applies to the Mail (Postal Service)

sector: direct labor costs are high relative to revenues, and hence a

small multiplier.
Table 8

Transport Sector Multipliers, 1982
(Total impact per unit of direct impact for the named variables)

Value-
Sector added Earnings Jobs
Rail $1.89 $1.43 ’ 1.88
Bus 1.95 1.42 1.60
Truck 2.02 1.53 1.80
Water 2.14 1.56 2.13
Alr 2.22 1.57 2.29
Pipelines 2.09 2.44 3.57
Services 2.00 1.45 1.58
Mail 1.73 1.29 1.57
All wmodes $2.03 $1.53 1.86
All industries 2.79 2.08 2.73
again smaller than the all industry average of 2.73. The smallish

multipliers for Bus (Passenger Transit} and for Mail result from the
fact that these activities are labor intensive and, for Bus, a
relatively large number of part-time jobs.

avea n_the Use of Multipliers

There are many misconceptions about multipliers. Here are a few

warnings that readers should consider.
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There is no such thing as "the"™ multiplier for an industry. There
are different multipliers depending upon the form in which the
multiplier is expressed, the variable under consideration, the
range of repercussions encompassed by the multiplier model, and
the particular theory (or theories) of interaction used to
construct them.

Multipliers for a variable can be made to loock large or small
depending on the unit of expression chosen for the denominator of
the multiplier ratio. Jobs multipliers that express total jobs
per direct job will be smzller (other things being equal) than
multipliers that express jobs per million dollars of output
exported.

It is often assumed that large multipliers mean large total
economic impacts, forgetting that the size of impacts depends on
both the size of the multiplier and the magnitude of the
disturbance to be multiplied. Sectors with large multipliers are
sometimes those in which significant market changes, such as
changes in exports, are unlikely.

The size of the multiplier depends on the scope of interactions
incorporated in the multiplier model. Multipliers with households
endogenous will be larger than those that exclude the
repercussions associated with household spending. Multipliers
that include gove;:nment spending or investment spending reactions
will be larger still.

Avoid the pyramiding of multiplier impacts. Multipliers should be
used to assess the impact of an event that is external to the

multiplier process itself. Good examples include evaluating the
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impacts of <changes in exports, federal expenditures, and

investment outlays.

6. Multipliers in static models are timeless. Production adjustments
may take place in anticipation oI changes in market demand; on the
other hand, reaction lags may result in delayed multiplier
responses.

7. Ready-made multipliers, such as those included in this report, are
representative for establishments within each sector but are not
applicable to any particular enterprise.

8. Multipliers in this study are applicable to the Washington
economy, and not to its subdivisions (counties or cities).

9. Empirical estimates of multipliers are based on interindustry
relationships observed in a particular historical context (in this
case, 1982}).

An enumeration of some of the ccmmon pitfalls associated with the
use of multipliers may be helpful to readers, but in each potential
application there is no substitute fer sound economic analysis. That
kind of analysis arises out of an understanding of the theoretical
structure of input-output models in particular and economic analysis in
general. Ready-made recipes are seldom applicable to particular
instances that economists are called upon to analyze.

Positive uses of the Transport Services sector multipliers include
the evaluation of tﬁe impacts of changes in _the demand for
transportation services. Examples which come readily to mind are:

What is the impact upon the Washington economy of changes in
operating revenue occasioned by the capture (or loss) of

exports by this sector?
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If the regulatory environment should change the demand for
transport services, how will the economy be effected? Which
sectors will be effected most?
. What is the net effect upon each sector in the economy if
one mode.of transportation service displaces another?
What are the effects of changes in the Procurement patterns
of the transportation modes (perhaps due to technology or
price changes) upon other industries in the state?
What happens to the demand for Transportation Services as a
result of changes in the exports of other industries?

. What will be the impact upon the economy of the state aé a
result of new investment in the Transportation Services
sector?

There are no simple answer: to any of the above question; each
requires ancillary analysis which may be rather involved. Yet, an
input-output model of the kind developed here has been found to be the
most effective instrument through which to examine the interindustry
linkages which exist among industries, and to trace impacts of changes
in one upon others. The Washiagton Transport-oriented Gross Flows
Table, Appendix III, provides investigators with an empirical framework

as a point of departure for analyzing interactions within the econony of

the state.
Concluding Observations

The objective of this study has been to analyze the input-output
structure of the Transportation Services industry in Washington state.
The absence of a pre-existing conceptual framework applicable to the

definition and measurement of output of the regional transportation
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industries has complicated this endeavor. This report has drafted an
analytical framework, consistent with the principles of regional
accounting. This study also provicdes estimates of the sources of
operating revenue and disposition of the outlays of the several modes of
transport service. Much remains tc¢ be done to improve upon these
estimates and the procedures used to make them. No apology needs to be
made for the use of judgement when necessitated by the absence of
quantitative evidence. The two-way (rows and columns) approach used in
estimating transport sector flows imposes a discipline upon the process,
but future improvements in statistical reporting of economic variables
in the transport sectors could do much to further narrow the inevitable
errors in the construction of the gross flows table.

Until regional analysts devote more of their ingenuity to
addressing the specifics of regional accounting, regional input-output
will become anchored to synthetic models which are empty of relevant

definition, conceptually inappropriate, and empirically specious.

* * *x * * * * *
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Washington Input-Output Sector Definitions, 1982

Sector
No. Industry Name Standard Industrial Classification (SIC) System Codes
. 1 Field & Seed Crops 011, 013 (exc. 0134), pt. 019
2 Vegetables & Fruits 0134, 016, 107, pt. 019
3 Livestock & Products 02
4 Other Agriculture 018
5 Fisheries 09 (exc. 097)
6 Meat Products 201
7 Dairy Products 202
8 Canning & Preserving 203, 2001, 2092
9 Grain Mill Products 204
10 Beverages 208
11 Other Foods 205-2C7, 2095-2009
12 Textiles 22
13 Apparel 23
14 Mining 10-14
15 Forestry 08 (inc. national & state farests, christmas tree farms)
16 Logging 241
17 Sawmills 242
18 Plywood 2435, 2436
19 QOther Wood Products 2431, 2434, 2439, 244, 245, 249
20 Fumniture & Fixtures 25
21 Pulp Mills 261
22 Paper Mills 262
23 Paperboard, Other Paper 263-266
24 Printing & Publishing 27
25 Industrial Chemicals 281, 2136, 287, 289
26 Other Chemicals 282-2:5
27 Petroleum 29
28 Glass Products 321-323
29 Cement, Stone & Clay 324-329
30 Iron & Steel 331,332,339
3 Other Nonferrous Metals 3331-3333, 3339, 334, 3351, 3356, 3357, 3362, 3369
32 Aluminum 3334, 3353-3355, 3361
33 Structural Metal Products 344
34 Other Fabricated Metals 341-343, 345-349
35 Nonelectrical Motive Equip. 351-353
36 Machine Tools & Shops 354,359
37 Nonelectrical Industrial Equip. 355-358
38 Electrical Machinery 36
39 Aerospace 372,376
40 Motor Vehicles 371, 374,375,379
41 Ship & Boat Building 373 (inc. Puget Sound Naval Shipyard)
42 Other Manufacturing 30, 31, 38, 39
43 Railroads 40 -- icludes AMTRAK
44 Passenger Transit 41 -- includes public transit
45 Truck and Warehousing 42
46 Water Transport 44 - includes ferries, public ports
47 Air Transport 45
48 Pipelines 46
49 Transport Services 47
50 Post Office 43
51 Electric Companies 491, p- 493 (inc. BPA, PUDs & municipal electric utilities)
52 Gas Companies 492, p:. 493 (inc. municipal gas companies)
53 Other Utilities Pt 493, 494-497 (inc. public water, sewage, sanitary &
irrigation systems)
54 Communications 48
55 Construction 15-17
56 Trade 50-59 (inc, state liquor stores)
57 Finance, Ins. & Real Estate 60-67
58 Services 07, 097, 70-89 (exc. public hospitals & schools)



Table Il
Transport Jobs and Earnings Coefficients
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Direct Direct Sector Direct Direct Direct Earn.

I/0 Jobs Earnings Qutput Earn/Job Jobs per per mil. output
No Name (thous) (mil.$) (mil.$) ($) mil.output (thous $)

43 Rail 7.8 $247 $640 $31,667 12.2 £386

44 Bus 8.4 177 300 21,071 28.0 550

45 Truck 25.4 588 1,380 23,150 18.4 426

46 Water 11.3 327 1,450 28,938 7.8 226

47 Air 9.3 319 1,151 34,301 8.1 277

48 Pipelines 0.1 3 34 30,000 2.9 88

49 Services 7.3 140 197 19,178 37.1 711

50 Post Office 11.3 321 365 28,407 31.0 879

- All Modes 80.7 $2,123  $5,517 $26,307 14.¢6 $385
_________________________________________ O

Note: Totals May Not Add Due to Rounding
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Appendix Table VI
Value Added Multipliers

C=£(YP), EARN=f (X)

Total Total

Direct Value Added Value Added

Value Added per mil. § per $ of

per mil, $ of Direct Direct
I/0 NAME & NUMBER of output Exports Value Added
FIELD CROPS 1 $644 thous 51,353 thous $2.10
VEGGIES & FRUIT 2 780 1,504 1.93
LIVESTOCK 3 318 1,323 4.16
MISC. AG PRODUCTS 4 853 1,585 1.86
FISHING 5 586 1,283 2,15
MEAT PRODUCTS 6 103 739 7.20
DAIRY PRODUCTS 7 146 1,318 9.01
CANNING 8 331 1,209 3.65
GRAIN MILL 9 164 - 695 4,24
BEVERAGES 10 323 1,157 3.58
OTHER FOODS 11 498 1,237 2.48
TEXTILE MILL 12 440 894 2.03
APPAREL 13 450 904 2.01
MINING 14 689 1,307 1.90
FORESTRY 15 857 1,586 1.85
LOGGING 16 224 1,327 5.91
SAWMILL 17 297 1,382 4.65
PLYWOOD 18 259 1,283 4.95
MISC. WOOD 19 335 1,043 3.12
FURNITURE 20 512 1,181 2.31
PULPMILL 21 259 1,030 3.97
PAPERMILL 22 305 1,175 3.85
MISC. PAPER 23 302 1,276 4.23
PRINT & PUBLISHE 24 568 1,268 2.23
INDUSTRIAL CHEMICALS 25 634 1,303 2.06
OTHER CHEMICALS 26 319 832 2.61
PETROLEUM 27 122 236 1.94
GLASS 28 448 1,239 2.76
CEMENT ETC. 29 470 1,233 2.62
FERROUS METALS 30 529 1,180 2.23
NONFERROQUS 31 234 671 2.87
ALUMINUM 32 229 853 3.72
STRUCTURAL METALS 33 . 406 915 2.26
LIGHT METALS 34 414 992 2.40
FARM CONSTRUCTION MACH 397 991 2.50
MACHINE TOOLS 36 629 1,233 1.96
INDUSTRIAL EQUIPMENT 37 550 1,115 2.03
ELECTRICAL MACH 38 576 1,152 2.00
AEROSPACE 39 302 583 1.93
MOTOR VEH/RR CARS 40 4116 818 1.96
SHIPBUILDING 41 067 ‘1,206 1.81
OTHER MANUF. 42 623 1,179 1.89
RAIL 43 661 1,246 1.88

BUS 44 673 1,309 1.94



TRUCK 45

WATER 46

AIR 47

PIPELINES 48
TRANSPORT. SERVICES 49
POST OFFICE 50
ELECTRIC UTIL 51
GAS UTIL 52

OTHER UTIL 53
COMMUNICATIONS 54
CONSTRUCTION 55
TRADE 56

F.I.R.E. 57
SERVICES 58

643
276
410
647
670
880
653
153
823
785
501
733
707
681

1,293
609
914

1,365

1,343

1,526

1,460
472

1,593

1,440

1,150

1,463

1,535

1,422

2.01
2.21
2.23
2.11
2.00
1.73
2.24
3.08
1.94
1.84
2.29
2.00
2.17
2.09



Appendix Table VII
Earnings Multipliers

C=£f (YP), EARN=f (X)

Total Total

Direct Earnings Earnings

Earnings per mil. $§ per $ of

per mil. § of Direct Direct
I/0 NAME & NUMBER of Output . Exports Earnings
FIELD CROPS 1 $301 thous $493 thous $1.64
VEGGIES & FRUIT 2 414 603 1.46
LIVESTOCK 3 194 551 2.84
MISC. AG PRODUCTS 4 640 881 1.38
FISHING 5 575 803 1.50
MEAT PRODUCTS 6 83 344 4.17
DAIRY PRODUCTS 7 83 566 6.79
CANNING 8 159 501 3.16
GRAIN MILL 9 98 309 3.14
BEVERAGES 10 131 430 3.28
OTHER FOODS 11 243 491 2,03
TEXTILE MILL 12 360 517 1.44
APPAREL 13 407 594 1.46
MINING 14 693 958 1.38
FORESTRY 15 46 118 2,54
LOGGING 16 _ 235 585 2.49
SAWMILL 17 297 753 : 2.54
PLYWOOD 18 256 678 2,65
MISC. WOOD 19 375 724 1.93
FURNITURE 20 317 566 1.78
PULPMILL 21 211 504 2.38
PAPERMILL 22 191 551 2.89
MISC. PAPER 23 192 601 3.13
PRINT & PUBLISH 24 373 641 1.72
INDUSTRIAL CHEMICALS 25 307 491 1.60
OTHER CHEMICALS 26 216 420 1.94
PETROLEUM 27 18 35 1.95
GLASS 28 259 525 2.03
CEMENT ETC. 29 303 608 2.01
FERRQUS METALS 30 281 473 1.68
NONFERRQUS 31 280 464 1.66
ALUMINUM 32 159 353 2.22
STRUCTURAL METALS 33 . 282 471 1.67
LIGHT METALS 34 189 380 2.01
FARM CONSTRUCTICN MACH 313 518 1.65
MACHINE TOOLS 36 503 731 1.46
INDUSTRIAL EQUIPMENT 37 360 556 1.55
ELECTRICAL MACH 38 264 425 1.61
AEROSPACE 39 308 434 1.41
MOTOR VEH/RR CARS 40 114 201 1.77
SHIPBUILDING 41 414 569 1.37
OTHER MANUF. 42 306 450 1.47
RAIL 43 386 553 1.43

BUS 44 590 834 1.41



TRUCK 45

WATER 46

AIR 47

PIPELINES 48
TRANSPORT. SERVICES 49
POST QFFICE 50
ELECTRIC UTIL 51
GAS UTIL 52
OTHER UTIL 53
COMMUNICATIONS 54
CONSTRUCTION 55
TRADE 56

F.I.R.E. 57
SERVICES 58

426
226
277

88
711
880
125

38
211
376
466
447
487
623

653
360
441
220
1,024
1,136
255

333
547
727
653
805
936

1.50



Appendix Table VIII
Jobs Multipliers

C=£(YP), EARN=f (X)

Total Jobs
Direct Jobs Created per Total Job
per mil. $ mil, § of Created per
I1/0 NAME & NUMBER of Output Exports Direct Job
FIELD CROPS 1 14.0 26.4 1.88
VEGGIES & FRUIT 2 33.7 46,3 1.37
LIVESTOCK 3 32.5 55.8 1.72
MISC. AG PRODUCTS 4 66.9 84.2 1.26
FISHING 5 112.8 132.3 1.17
MEAT PRODUCTS 6 3.7 26.7 7.21
DAIRY PRODUCTS 7 2.4 44.9 18.71
CANNING 8 9.4 36.9 3.93
GRAIN MILL 9 4.3 17.4 4.05
BEVERAGES 10 4.9 22.4 4.58
OTHER FOODS 11 10.7 27.1 2.53
TEXTILE MILL 12 24.0 34.9 1.45
APPAREL 13 34.4 47.3 1.37
MINING 14 18.1 35.7 1.87
FORESTRY 15 9.1 13.7 1.51
LOGGING 16 8.2 30.0 3.65
SAWMILL 17 13.8 40.2 2.91
PLYWOOD 18 12.1 36.6 3.02
MISC. WOOD 19 17.8 39.2 2.20
FURNITURE 20 20.1 36.4 1.81
PULPMILL 21 6.2 23.2 3.74
PAPERMILL 22 5.7 26.3 4,01
MISC. PAPER 23 6.6 29.2 4.42
PRINT & PUBLISH 24 19.2 36.6 1.91
INDUSTRIAL CHEMICALS 25 8.1 20.8 2.29
OTHER CHEMICALS 26 9.7 22.8 2.35
PETROLEUM 27 0.4 1.5 3.64
GLASS 28 12.1 27.2 2.25
CEMENT ETC. 29 13.1 30.6 2.34
FERROUS METALS 30 10.5 22.5 2.15
NONFERRQUS 31 9.3 19.5 2.09
ALUMINUM 32 4.0 13.6 3.41
STRUCTURAL METALS 33 10.3 21.7 2.10
LIGHT METALS 34 7.9 19.3 2.44
FARM CONSTRUCTION MACH 10.6 23.4 2.21
MACHINE TOOLS 36 18.8 33.8 1.80
INDUSTRIAL EQUIPMENT 37 14.5 27.3 1.88
ELECTRICAL MACH 38 11.8 22.3 1.89
AEROSPACE 39 8.5 16.8 1.98
MOTOR VEH/RR CARS 40 3.6 9.3 2.57
SHIPBUILDING 41 13.8 24.2 1.75
OTHER MANUF. 42 15.7 25.1 1.60
RAIL 43 12.2 23.0 1.88
BUS 44 28.0 44.7 1.60

TRUCK 45 18.4 33.2 1.81



WATER 46

AIR 47

PIPELINES 48 ~
TRANSPORT. SERVICES 49
POST OFFICE 50
ELECTRIC UTIL 51
GAS UTIL 52

OTHER UTIL 53
COMMUNICATIONS 54
CONSTRUCTION 55
TRADE 56

F.I.R.E. 57
SERVICES 58

[F S
ORWPR D]

BWdH ORFR Y

16.6
18.5
10.4
58.8
48.6
10.2

4.2
26.7
24.5
35.3
46.0
6l.6
66.3

2.13
2.29
3.57
1.58
1.57
3.00
3.23
1.45
1.91
2.04
1.52
1.54
1.48



