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PREFACE
A Brief Historical Overview of Regional Input-Output Modeling

Developed economies are characterized by a high degree of interdependence among
producing sectors. Eaatonomicsector notonly produceggoods orservices, but is a
consumer as well, purchasimgher goods orservices for usewvithin their production
process. Theseelationships have long been recognized. Francois QueSrahisau
Economiqueof 1758 dealt with circular flows between industries and geeqralibrium
concepts. More than a century later, LedMalras developedhe theory of general
equilibrium in economics. In thisvork, Walras examinedoth theindependence of
producing industries and what each producing industry neededofitenindustries to
produce a unit of a finished good.

The first development ohput-output modéhg as an economic analytical tool and
the actual construction of the firshput-output table for the UnitedStates was
accomplished by Harvardniversity'sProfessonWassily W.Leontief, forwhich helater
received the Nobel Prize in Econon8cience in1973. In 1936, Leontigbublished the
first input-output tables--for thgears 1919 and 1929--of thé.S. economy. Leontief
simplified Walras' general equilibrium model Hmat model's equations could be estimated
empirically. Two simplifying assumptions were used. First, the largenber of
commodities inthe Walrasian modelvere aggregated int@latively fewoutputs, one for
each industry. lother words, thenodel assumes a single homogenenuputgenerated
from thesame inputgor each producing industryAnd secondthe supply equation for
labor and thedemand equations foiinal consumption were abandondebving the
remaining production equations to be expressed in #maplest linear form.This
assumption of linearitgoes notallow for factor substitution and economies of scale. The
element of time is alsmissing(i.e., themodel isstatic), yet the purchase of inputs by one
industry to make goods to sell to other industries implies a period analysis.

Given these assumptions, tmeodel is starkly simple.lts key variablesare the
outputs ofindustries into whiclthe economy iglivided. Each industrytsutputconsists of
summingits sales tall otherindustries and tdinal demandthatis, to ultimate consumers
rather than other producingdustries. Thus, the amount of egeductconsumed in
each industry will depend upon thevel of output for thatindustry. According to the
model, equilibrium isattainedwithin the economyvhen each industrysutput equals its
total purchases (i.e., inputskhich are in turndetermined by theutput of all other
industries.

After Leontief'sseminalinput-outputpublication in1936, input-outputmodels of
the U.S. economy werepublished bythe Bureau of Labor Statistics of the U.S.
Department of Labor and later the Bureau of Econdialysis ofthe U.S. Department
of Commerce. During World Walt, Leontief also prepared a 1939S. 1-O table.
Consisting of fewer than 5ectorsthis table was used to predict goldn for the post-
World War 1l recovery in industry capacity and demand. One of its majangsdvas



that there would be a serious shortagstetl in the postwayears unless capacityere
increased. Thifinding proved to be right, despite the general consensus to the contrary.
(Most economists initially asserted that there would be a serious postession because

of a lack in effective demand.) Withe assistance of th& table,government analysts

were able to observe that there was a tremendous backlog of demand for both consumption
and investmengoods that could beatisfied by increaseg@roduction innondefense
industries and conversion of defense industries to the production of these goods.

After World Warll, a number ofother countriegincluding the UnitedKingdom,
Canada, Russia, Japan, France, and Israel) began experimenting with preQutabes
and the United Nations, in itwork on A System of National Accountalso became
interested in the input-output accounts. Governmentsralugtries alike have found the
information provided byinput-output models to be useful in economic planning and
assessinghe economitnpacts of selected investments and policies. Industriegelas
have used input-output models to assist in the procurement ofmapertials, intraindustry
management of diverdmit interrelated products and tbstimation of expected direct and
indirect consumption of products produced by direct customers.

Although originally conceived at th@ational level,nterest in economianalysis
conducted at the sub-national or regideaél (whether "region" iglefined as group of
states, anndividual state, a county, or a metropolitan aréas led to a number of
modifications inthe input-outputnodel to reflectthe peculiarities ofthe region under
consideration. Development of regional input-output models paralleled development of the
economic base theory in regional analysis. Both the economic base model and input-output
model stem fronthe same theoretical foundatiothatis, regionalgrowth is triggered and
sustained by theutput of its exportindustries. The input-output model, however,
recognizesthat theeconomic impact on a region froexport expansion varies among
industries. The size dhe economic multigl depends upon the degree wich the
exporting industry is linkedhrough the respending process, to &t of theeconomy.
The input-output model is, in effect, a disaggregated economic base model.

Implicit in the development of '@egionalized'input-output table is the recognition
of this analytical tool's broad array of uses--measuring the economic interdependence of the
region's industriabtructure;providing aset of morerecise and sensitive disaggregated
(industry-specific) multipliers; calculatindpe regional effects on econonaictivity from
changes in théevel and pattern ohational demand; evaluatirgher economic impacts
from changes ifinal demand; and as a technidgee long-term projections and forecasts
(Richardson, 1972).

There has been an enormous amounnpiit-output work done at theegional
level. Some of the earliest regionapplications ofinput-outputmodeling inthe United
States were conducted Rhiladelphia,Utah, St. Louis, and thePacific Northwest
(Bourgue and Cox, 1970; Giarratani, Maddy, and Socher, 1976). Throughout the years, a
number ofstates haveublishedinput-output tablesnotably Washington, Kansas, West
Virginia, Texas, Colorado, and Nebraska.
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In 1967, thefirst WashingtonState Input-Output Studfpased on the year 1963)
was published. With subsequstate input-outputables constructed for thesars 1967,
1972, and 1982, th&/ashingtonState Input-OutpuModel has providegbolicy makers
and researchers with a greater understanding of the steirtfing economistructure, its
markets and linkages, its opportunities dintitations, and its increasing international
dependence. The model--through its seinplact multipliers--has been particularly useful
in evaluatingheripple effects orthe state's economy from changesitarnal and external
forces. Suchmultipliers have been widelysed in a variety opolicy documents and in
assessments of the economic impacts of a multitude of developments.

Besides its extensive use in policy and planning, the WashiStata Input-Output
Model has had a rich argtoried historywithin regionalinput-output researchircles.
Because thenodel is survey-based, it has been extensiedy in testing theeliability of
multipliers derived viather methods (e.gnonsurvey techniques, hybrids, economic base
models, and conjoined interindustry econometric techniques). One prominent regional
economist called the Washington table--along with the Wiegihia table--"theonly really
reliable survey-baseithput-outputmodels forany U.S. state" (Stevens, et al., 1983). In
this way, Washington input-output studies have made an important contribution beyond the
state.

The Washington State Input-Output Model has also been a dsititchhg block in
the development of an interindustry econometriodel used inmaking long-range
forecasts and conducting impactalysis inthe state ofWashington. Annitial attempt in
using the Washingtonnput-output study to forecast long-termgional income and
employmentgrowth (Tiebout, 1969)ed to more extensiv@odeling efforts during the
mid-1970s. The resultant model--the Washington Projection and Simulation Model
(WPSM)--has beerextensively used in over 30 studiesince its beginning in 1977
(Conway, 1990). This interindustry econometric framework has been utilizeithen
settings (notably Hawaii anthe Chicago metropolitan area) for regioe@nomic
forecasting and for simulating impacts of various alternative development scenarios.

This fifth table--for the year 1987--provides yet another look at the sthtaging
economic structure--itsxdustrial interdependencies and its sensitivity to changsaln
demand, both at theational and international level. Revised economic multipliers from
the model should providestate policy makers, planners, and economists with important
information in conducting economic impact analysis for a number of years.
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THE 1987 WASHINGTON STATE INPUT-OUTPUT STUDY

1. INTRODUCTION

This report presents the 1987 input-outpables for Washingtoistate. These
tables provide a storehouse of economformation that can be used by economists,
planners, and policy-makers to analyze various issues related to economic developments in
the state. Morespecifically,the Washingtostatetables serve three practical purposes.
First, the tables constitute eomprehensive and detaileset of accounts on all
conventionally defined economic activities witlire state.Economic activity itraced
through the various purchases and sales among Washington industodsearse:ctors of
the economy.Forinstance, thealue ofoutputs produced bgifferent industries israced
to the markets invhich that output issold, and the disposition of outlafe purchases)
by each industry for inputs ®upportits production isdentified. Furthermore, with the
series of comparablstatetables, input-outpuainalysis is a very usefttamework for
examining changes in the structure of the economy over time.

Second, the input-output tables provide the fachaslisfor estimatingoutput,
employment, and income multipliers, utilized in conducting economic ingredyses.
Numerous applications of previous Washingtgrut-output studies an#tustrative of the
role of economicmultipliers. For instance, what would be the econonmgpacts
associated with constructing a rapad transit system ithe Puget Sound region, foom
banning log exports in the state? What is the economic impact of the construction of a US
Navy homeportfacility at Everett, the closure ofgulp mill, the presence of tHeéoodwill
Games in Seattle, or an increase in farm exports? Although each impact assessment
application involves extensivesearch, eactitilizes input-outputmultipliers as a critical
phase in the investigation.

Finally, the input-outpuimodel is a suitable framework for conducting long-term
regional economic and demographic forecasting. Some have sudgastadntegrating
regional input-output tables with econometrimodels the goodqualities of both
frameworks arecombined (Glickman, 1977). Thiegical structure of aregional
interindustry econometric model emanates friihil® economic base theory growth,
which recognizes two sets of economic demands placed upon a region--égtenaaily
export) andinternal. Exports--the principal driving force behind regional economic
growth--are forecast on thHmasis of nationainarket demand. Localutputrequired for
export triggersinternal demands, depictétirough the input-output framework. For
instance, thelemand for @gionallyproducedumber establishes a chain of dematicg
affects production in thiecal logging and services industries, amotigers. Thenduced
output inthese industries sets up further intermediate demalads, whichare captured
within the interindustry submodelEssentially,through estimation with cross-sectional
and time-series data, an interindustry econometric nadigehpts to capture thredfects of
induced investment and government spending thereby providing a more complete picture
of the operation of the regional economy.



This 1987 studyepresents thifth input-output study fo¥WashingtorState. The
four previous studies were conducted for the ye883, 1967, 1972, and 1982.
Together, thes#ables comprise a uniquset ofsurvey and semi-survey based regional
studies. Spanning a twenty-five yeariod, thesdive cross-sectional portraits constitute
a movingpicture of the WashingtoBtateeconomy. The 1987 studiiffers from the
earlier studies in one gpect. Recognizing structural change time stateeconomy, the
model's sectoringplan has been expanded from 51 to €&tors. Essentially, the
transportation services, constructitrade,and servicesectors have been disaggregated
for this updated study.

This report,which is divided intahree parts, isntended for analysts and uyt
makers who want to understand amglythe Washingtoi$tate input-outputables. The
first partdescribes thenput-output modelspecificallyits sectors and transacticiable.
The foundation of an input-outpatodel isthe transactions tabtbat shows thelollar
value ofthe goodsand servicetraded--bought and sold--by eas#ctor of theeconomy.
Also discussed in this firgiart aresome important generdefinitions and conventions
used in input-outpuanalysis. The second padiscusses the various methadsized in
updating the input-output tables to 198Finally, the thirdpart describes the various
applications of the input-output study.

The 62-industry input-output tables for 1987 are found inAgweendices A-D.
Tables includedare the interindustrgross flows, direct andbtal requirements. An
example of the questionnaire used in the industrial survey is presented in Appendix E.

2. THE WASHINGTON STATE INPUT-OUTPUT TABLE FOR 1987
Description of the Transactions Table

The foundation of the input-outpahalytical system ithe transactions table. A
transactions table is a comprehensive and detsgdedf accountdescribing economic
activity in anarea (nation, state, region, or county) fopaticular year. The current
WashingtorSState input-outpuiable portrays thBow of commodities between producing
sectors andtconsumingsectors--thats, the sales and purchases gbodsand services
among industries (measured in millions of current dollars)--for thelg&ar. Information
provided within this transactions table can be manipulated to dennmut-output
multipliers.

The input-output table is organized into a rectangular arragwefand columns.
Eachrow and its corresponding columepresent the transactions ofiadividual sector.
The sales othe sectors are shown along tbars and the purchases of the sectors are

1A "pridge" table linking the sectoring plans of the various study years is available from the authors.



shown in thecolumns. The sum of @w is the total output of the sect@presented by
that row. The sum of a column the totalinputs of thesector represented by that
column. Thebasic accounting relationship withine input-output table that for each
industry total output (or sales) equals total inputs (or purchases).

There are thre@rincipal components of the input-output table, eachwbich
consists of a set abws and columns. The first block tise interindustry transactions,
that is theflow of goodsand services whichre both produced and consumed among the
region's industries. Reading acros®wa gives estimates dhe interindustrgales of the
industry named at leftyhile reading down aolumn gives estimates die interindustry
purchases made kthe industrynamed atthe top. This block has also beetalled
intermediate demand, consistingtbbse sectors that purchaseuts for the purpose of
transforming them into a differemroduct orservice for subsequersale to another
purchasingsector. The secorfdock contains théinal demandsectors. This component
of the table shows theales by industry to "ultimateonsumers--to households, the
capitalgoods sector (i.eipnvestment), governments, and markets outside the region (i.e.,
exports). Thes@énal demandsectors purchassutput from thgroducing sectorsjot for
the purpose of further production or resale, but rathefirfakconsumption or use. The
third component of the table contains fimal payments or primary inputsectors. This
block shows the value of inputs provided by the basic factors of production--labor, capital,
and land (i.e., value added) as well as the purchases of imported goods and services.

For illustrative purposes, ighly aggregated version of the 198Vashington
Statetransactions table is shown in TaBld. Except forts obviouslysmaller size, this
table is the same as that found in Appendix A. The table identifies three industry groupings
(natural resources, manufacturing, and servicesradd), threelemandsectors (personal
consumption expenditures, exports, astter final demand), and threénal payment
sectors (labomcome,othervalue added, and imports). The estimates are measured in
millions of 1987 dollars.

The table also containsvo rows ofemployment:wage and salary, and total
employment. Total employment includesvage andsalary workers, alongwith self-
employed persons, and part-time workers. Althougot formally a part of the
transactions table, the data found in thesgloymentrows areuseful for conducting
economic impact analysis studies.

As an example dfiow to read the input-output table, consideratigvities of the
natural resources industries (agriculture, forestmning, and fisheries). In 1987,
Washington natural resources industriggal output (sales) and input (purchases)
amounted to $4,438.@illion. With regard to the distribution of itsutput, estimated
sales toother Washington industries include $464llion to natural resources industries,
$2,071.3million to manufacturing, and $231rillion to trade andservices (including
transportation,communications, utilities, finance, insurance, and esshte). Natural
resourcendustries' sales tfinal demand wer&259.9million to Washington consumers,
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$1,134.6million in exports (bothforeign andrest of U.S.)and $278.0nillion to other
final demand sectors (investment; state and local, and federal governments' expenditures).

Goods and services purchased as inputs to production by natural resource
industries fromother Washington industries included $464llion from natural resource
industries, $366.8nillion from manufacturing industries, arf§884.7million from trade
and services. Natural resource industries also purcidséd5.2million of labor from
Washington households$1,330.5 million in other value added(e.g., rent, interest
payments, and taxes), and $44illion of imported commaoditiegboth foreign andrest
of U.S.). Employment in naturakesource industries amounted to 46,239 wagesalady
employees; totaemployment (includingoroprietors) in these sectors was estimated at
95,997 workers.

Xii
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Definitions and Conventions
Region

Any regionalanalysispresupposes |gid definition ofthe area under study. The
geographic area under study here is Washin§tane,defined interms of itspolitical
boundaries. Such a definitiomay be altoo obvious, but thebjective is to account for
the economicactivity of all establishments operatingithin state borders. Output is
defined on a place-of-performance basis; that is, output is caumyeidlit is produced by
establishments operatingithin the boundaries of the&tate or inits adjacent waters.
Excluded therefore are revenues accruing to Washingtsmesses from economic
activity performed in other regions.

Two examples--the headquarters problem, amat-of-state production by
Washington business firms--illustratiee need for a strictefinition of region. With
regard to thdassue of headquarterall production units operating in WashingtState
have administrative, management, and sales staff vdoste are supported logvenues
from the sales ofgoodsand services. However, these functiorey beprovided by
offices located out-of-state, indicating the "importation of overhead services." Since these
costs often are unrecorded (fexample, inCensus of Manufacturgsthe value of
imported services are understated, and consequenthaltieeadded of some Washington
businessesare overstated. In contrast, sowashington companieée.g., Boeing,
Weyerhaeuser, Paccar, Burlington Northern, Microsoft) have based their headquarters
facilities in Washingtorand as such, these "overhead" sendeesincurred irsupport of
productionfacilities located out-of-state. Thesempaniesre engaged in the production
of management services fexport to other regions. Thalue ofexports by sectonwith
large headquarters tend to be underestimated.

The place-of-performancéasis is especiallymportant in considering those
industriesthat employ mobileresources or engage in productiaetivity beyond the
borders of the state. Famstance, forfirms engaged in interstate transportation (e.g.,
trucking, airlines, river barges), the value of output includes only those revenues generated
by the resources of production (i.e., land, labor, and capitgd)oyed withirthe confines
of the state boundaries. For construcfioms, output isdefined aghe value ofall new
construction and maintenance and repathin the stateregardless of whether the
activities ofcontractors are headquartered in or outside the state. Arnlbatbeation is
the Washingtorfishing fleet, part ofwhich regularly exploitshe Alaskan fishery. Should
the output otthis industry includéhe value ofthat catch, most oivhich is landed within
Alaskanwaters? We have chosen--as in previous studiedefioe the output of the
fishing industry aghe value ofthe catcHanded within Washingtowaters as reported by
the Washington Department®kheries. Ircontrast, the U.S. Department@bmmerce,
Bureau of Economi@nalysis, inpreparing their estimates of Washing®tatepersonal
income, includes the earnings of Washington fishermen derived from the Alaskan fishery.



The place-of-performance definition of regional outputtivasdistinct advantages
over otheralternative definitions. First, it precludes counting sheneoutput inmore
than one region. Second, ttefinition isconsistent witlthat ofregional value added as
the portion of grossational income earned lblge factors of production located in the
state. Included in this definition of regional valsded are the returns &l capital
located in the state, even if the owners of daguital reside elsewher&imilarly, regional
value added includes labor income of employees who work in-state butogisafestate.
On the otherhand, wages, rents, interest, atididends whichaccrue to Washington
residents but are associated with production elsewhermao®unted in the input-output
transactions.

Base Year

The input-output tables presentedhis report are for therear1987. This year
coincides with the most recent economic censuses undertaken by the Bureau of the Census
of the U.S. Department @ommerce. Encompassing agricultungning, manufacturing,
construction, transportation, services, dratle, theseensuses provide detaileditput
and cost data on Washington industries.

Sincethe collection angublication of censudata and theestimation of input-
outputtables argime consumingthe 1987 input-output tabl@say appear b@ut ofdate
by thetime of publication. This is certaintyue with regard to the measurement of
economic activity in Washington (e.g., gross state product, personal income).

However, the age of the tables shouldvived withrespect to theirmmense
usefulness.For applications which rely upotne estimated regional inpcefficients, the
1987 table should remain useftdr several yearsince tests indicate that these
coefficientsarerelatively stableovertime (Conway1977%. Certainly, where indications
of changing purchagmatterns are strong, as in the case of energy ingjtsstments may
be necessary. Still another perspectitbas 1982 is the date for the most reaeational
benchmark input-output table (U.S. Department of Commerce, 1991).

Of greater concern than the age of thiele should be theguality ofthe estimates
(i.e., measuremerdrror), theability of the user to adapt theformation to his or her
analytical needs, and the particular context of #mmnomy reflected in thbase-year
estimates. With regard to the condition of the state's economy, 1987 was a year of
relatively normal economic expansion in Washingtortpted employment increased by 4
percent and personal income increased by nearly 6 percent.

Sectoring Plan

2Relatively stable coefficients, and hence output and income multipliers, imply the model can be updated--
for instance to 1992--by taking into account the price effects.
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As mentioned previouslyhe 1987 Washingto8tate input-outputable has been
constructed with 62 industries, seval demandsectors, and foumal paymentsectors.
Table2-2 shows théndustry definitions othe 1987 sectoring plarf-or the most part,
these industry definitions follow closely the classification scheme used in earlier studies.

The departures or differences tine 1987 sectoringlan from earlier studies
represent a trade-off betweeomparability and increased economic importance of certain
sectors. Major revisioAsn the 1987 table include:

(1) a realignment of the iron and steel atiter nonferroumetalssectors into one
sector--otheprimary metals--due tthe closure of the Asarco coppsmnelter in
Tacoma in 1984,

(2) a realignment ofthe nonelectric motive equipmentachine tools, and
nonelectric industrial equipmergectors intotwo sectors named industrial
machinery and computer and office equipment;

(3) a disaggregation of the other manufacturing sectotwad@omponents--other
manufacturing and instruments duethe growing importance of thestruments
industry to the state's economy;

(4) adisaggregation of the construction sector imto sub-components--highway
construction and other construction;

(5) a disaggregation of the transportatigervices sector into eight sub-
components--railroad transportatiolecal and suburbartransportation, motor
freight and warehousingU.S. Postal Service, water transportation, air
transportation, pipelines, and transportation services;

(6) adisaggregation of the trade sector into three sub-componemiboidsale
trade, eating and drinking places, and other retail trade; and

(7) adisaggregation of theervicessector into three sub-componentsbasiness
services, health services, and other services.

Table 2-3 provides disting and definitions ofinal demand andinal payment
sectors in the input-output table. Theal demandsectors are personabnsumption
expenditures, gross privaitevestmentstateand local government expenditures, federal
government expenditures, exports to test of the U.Sand foreign exports. THmal
paymentsectors are labancome,othervalueadded, imports from the rest of theS.,
and foreign imports.

Table 2-2
INPUT-OUTPUT INDUSTRY DEFINITIONS

Number and Industry Name 1972 SIC Codes

3Unless otherwise noted, stated revisions are made with regard to the previous 1982 input-output study
(Bourque, 1987).
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NATURAL RESOURCE INDUSTRIES

1. Field & Seed Crops 011,013 (ex. 0134), pt. 019

2. Vegetables & Fruits 0134, 016, 017, pt. 019

3. Livestock & Products* 02 (includes aquaculture)

4. Other Agriculture 18

5. Forestry 08, 097 (inc. National & State Forests,
Christmas tree farms)

6. Fisheries 09 (ex. 097)

7. Mining 10-14

MANUFACTURING INDUSTRIES
8. Meat Products 201
9. Dairy Products 202

Table 2-2 (continued)
INPUT-OUTPUT INDUSTRY DEFINITIONS

Number and Industry Name 1972 SIC Codes

10. Canning & Preserving 203, 2091,2092

11. Grain Mill Products 204

12. Beverages 208

13. Other Foods 205-207, 2095-2099
14. Textiles 22

15. Appatrel 23

16. Logging 241

17. Sawmills 242

18. Plywood 2435, 2436

19. Other Wood Products 2431, 2434, 2439, 244, 245, 249
20. Furniture & Fixtures 25

21. Pulp Mills 261

22. Paper Mills 262

23. Paperboard, Other Paper 263-266

24. Printing & Publishing 27

25. Industrial Chemicals 281, 286, 287, 289
26. Other Chemicals 282-285

27. Petroleum 29

28. Glass Products 321-323

29. Cement, Stone & Clay 324-329

30. Aluminum 3334, 3353-3355, 3361
31. Other Primary Metals* 33 (ex. 3353-3355, 3361)
32. Structural Metal Products 344
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33.
34.
35.
36.
37.
38.
39.
40.
41.

Other Fabricated Metals
Industrial Machinery*
Computer & Office Equipment*
Electrical Machinery
Aerospace

Motor Vehicles

Ship & Boat Building
Instruments*

Other Manufacturing

CONSTRUCTION

42.

Highway Construction*

43. Other Construction*

341-343, 345-349
35 (ex. 357)
357
36
372, 376
371, 374, 375, 379
373 (inc. Puget Sound Naval Shipyard)
38
30, 31, 39

1611, 1622
15-17 (ex. 1611, 1622; inc. "do-it-yourself" repair &
maintenance, and utility construction accounts
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Table 2-2 (continued)
INPUT-OUTPUT INDUSTRY DEFINITIONS

Number and Industry Name

1972 SIC Codes

TRANSPORTATION

44. Railroad Transportation*

45. Local & Suburban Transportation*
46. Motor Freight & Warehousing*

47. U.S. Postal Service*

48. Water Transportation*

49. Air Transportation*

50. Pipelines*

51. Transportation Services*

UTILITIES & COMMUNICATIONS
52. Electric Companies

53. Gas Companies

54. Other Utilities

55. Communications

TRADE

56. Wholesale Trade*

57. Eating & Drinking Places*
58. Other Retail Trade*

40 (inc. AMTRAK)

41 (inc. public transit)

42

43

44 (inc. ferries, public port facilities)
45
46

47

491, pt. 493 (in. BPA, PUDs, municipal utilities)
492, pt. 493 (inc. municipal gas companies)
Pt. 493, 494-497 (inc. public sewage, water,
sanitary, and irrigation systems)
48

50, 51
58
52-57, 59

FINANCE, INSURANCE, AND REAL ESTATE

59. Finance, Insurance & Real Estate

SERVICES

60. Business Services*
61. Health Services*
62. Other Services*

60-67 (inc. owner-occupied dwellings)

73
80
07, 70,72, 75, 76, 78, 79, 81-84, 86-88

* Change in sector definition
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Table 2-3
WASHINGTON INPUT-OUTPUT FINAL DEMAND AND
FINAL PAYMENTS SECTOR DEFINITIONS, 1987

Sector Name Definition
Personal consumption expenditures  Sales to consumers residing in Washington State.

Gross private investment Sales for residential & non-residential private fixed
capital formation & change in business inventories

State and local government State & local government expenditures on both
expenditures
current and capital account, excluding operating
expenses of government enterprises transferred to
industrial sectors.

Federal government expenditures Federal government civilian and defense
expenditures on current and capital account for
delivery both in-state and out-of-state. Excluded
are operating expenses of government enterprises
transferred to industrial sectors.

Exports to rest of U.S. Sales of goods and services on both current
and capital account to consumers and
producers in the rest of the United States.

Foreign exports Goods and services sold to foreign purchasers
on both current and capital account.

Labor income Charges against gross state product for wages,
salaries, proprietors' income, & other labor income.

Other value added Charges against gross state product for rental
income, corporate profits, net interest, indirect
business taxes, & capital consumption allowances.

Imports from rest of U.S. Purchases of goods and services on current
account from establishments in the rest of the
United States.

Foreign imports Purchases of goods and services on current
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account from establishments in foreign countries.

While the industrial component of the sectorimdan is defined interms of
industries, thebasic unit of observatiofor making input-output estimates is the
establishment. An establishment is defined as "an economiagyendrally at a single
physicallocation, where businessasnducted or where services industrial operations
are performed."(Office of Management andudget, 1987). In the 62-industry
Washingtonnput-output tablegstablishmentare classified by industraccording to their
primary activities. Since establishmetygically produce more than one goodsarvice,
each industry--defined on an establishment basis--incorpoaditesutput (including
secondary products) adstablishments whogarimary product is one of the products
included under the sectodefinition (as listed under TabR-2). This approach to
classifying establishments follows the conventions used by the U.S. Bureau of the Census.

In the WashingtorState input-output studyot all industries arelassified on an
establishment basis. The naturasourceindustries--field and seedrops, fruits and
vegetables, livestock amatoducts, other agriculture, forestfisheries, andnining are
defined on a commodity basi®ther industriesnamelyconstruction, arelefined on an
activity basis. Sucbkectorsincludethe value ofall commodities or servicggroduced in
the economy corresponding to teectordefinition regardless ofhe sectoorigin of
establishment. For thesandustries, the distinction betwegrimary and secondary
products becomes irrelevant.

Current and Capital Account

Transactions in the input-output tables cover expenditures on both current and
capitalaccount. Interindustry transactions, however, are on a current abesisonly.
From the standpoint of purchases, these transactions represesntled operating
expenses of industry.

The purchases of capitgbods by therivate sector of theconomy are shown in
the investment column dinal demand. These purchases incltltevalue ofthe private
sector's additions of housing, plant, and equipment that are chargeddoasset
accounts. In the accounting of current production camtyy the annual capital
consumption allowance (i.e¢he current charge for the use of capital) is counted as an
input, being part of the value added of each industry.

Producers' Prices
Input-output transactions arealued at producers' prices. Each transaction
represents the revenue earned by the producanarttie cosincurred by the purchaser.

Within the input-output framework, @mmaodity is sold fronthe producing sector to the
consumingsector at producerprice ("free on board" at plant). The transportatost
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involved in getting thecommodity fromthe producer to the consumer is shown as a
purchase from transportation the consumer. Hence, the purchase adramodity by
another sectotan be shown as a combinatior(Df a purchase of theommodity and (2)

the purchase of transportatisarvice in havinghe commodity delivered. An additional
"mark-up" occurs if th@roductpasses through the various tratkannelqi.e., wholesale

trade andother etail trade). Thuswithin the input-output accounting framework,
consumers are shown as purchasing output from industries directly rather than aggregating
all their transactions in the retail sector.

In sum, to arrive at purchasers' prices, it would be necessary theadtlue of
trade and transportatiomargins (i.e., distributioncosts) to producers' prices. The
producers' price conventiamplies that the "purchasegpaysthe freight" awell as the
trade services of middlemen who act as intermediaries in the exchange of goods.

According to input-output accounting conventions, tlsts of disibuting a
commodityare shown as direstles of services frothe trade secto®mamely wholesale
trade andbtherretail trade) and transportatigervices (principallyailroad, trucking and
warehousing, water transportatioajr transportationpipelines, andtransportation
services) to theectorpurchasing the commodityor instance, the large expenditure by
households fronother retail trade represents the mark-up earne@ashington retail
establishments acting as intermediaries between consumers and producers.

As a result of the producers' price convention, the input-output tables do not
literally trace theflows to and fromthe tradandustries. Any attempt to recorduch
transactions would obscure tteehnical relationships thatre the intended focus of the
input-output model and virtuallyall commodities would then flow fronone source,
namely trade.

Differences with Conventions in National Input-Output Accounts

Although many of the conventionemployed inthe Washington input-output
accounts are the same as those used inati@nalinput-output tables, there arenamber
of differences. The more importadifferences relate tahe handling of secondary
products, theassignment of foreign imports, aritle incorporation of government
enterprises.  Sincghe Washingtomput-output table generally adheres to the
establishment athe basic unit ofobservation, theutput of anindustry includedoth its
primary and secondargroducts. For thenational tableall secondary production is
redefined by establishing a commodity-by-industry accounting framework.

In the Washington accounts, foreign imports are shown as purchases by the
industry directly acquiring them. kontrast, thenational accounttreatforeign imports
as substitutes for domestically-producgdods and services arntius, imports are
channeledhrough the respective domestic producing industry for redistribution to the
usingsectors. The result is that thational tabledoes nodirectly assign foreign imports
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to the industrieshat purchaséhem; hencethe control total for amdustry reflects total
supplyrather than domestic production. In the Washingtpuait-output study, control
totals are a measure of production, &m@ign imports (asvell asinterstate imports) are
directly distributed tathe industrieshat procure them. Ndistinction is made in the
Washington table between competitive and non-competitive imports.

Industry definitions irthe Washington sectoringanincorporate activities of both
private andpublic enterprises. In theational accounts, a distinction is made between
private and government enterprisér instance, theutput ofelectric companies in the
Washington accounts include the output of private companies as well as public utilities.

Input-Output and Income and Product Accounts

The Washingtorinput-output andncome andoroduct accounseries are related,
sinceboth show the composition of the state's gross donmstituict. Theinal demand
sectors of the input-outptible measure the 198alue offinal production in the state.
The final demandsectorsinclude consumption, investment, government expenditures
(stateand local, federal), and exports (foreign and domegdte}. of imports, thesum of
final production equals gross domestic product for the sfggain excludingmports, the
final payments sectors measure the charges against the state's gross domestic product.

Table 2-4
GROSS STATE INCOME AND GROSS STATE PRODUCT
IN WASHINGTON STATE, 1987
(in millions of dollars)

Percent

Estimate of Total
Industrial value added 68,606.7 80.5%
Household value added 6,804.1 8.0%
State and local government value added 6,577.8 7.7%
Federal government value added 3,262.3 3.8%

Gross State Income 85,250.9 100.0%

Personal consumption expenditures 55,071.4 64.6%
Gross private domestic investment 10,078.0 11.8%
State and local government expenditures 11,964.5 14.0%
Federal government expenditures 8,329.2 9.8%
Exports to rest of U.S. 32,768.3 38.4%
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Exports--Foreign 15,182.4 17.8%

(less) Imports from rest of U.S. -41,653.9 -48.9%
(less) Imports--Foreign -6,489.0 -7.6%
Gross State Product 85,250.9 100.0%

Using estimates frorthe 198 AVashngton State input-outputable, the two-way
derivation of the gross domespiooduct for the state shown in (Tabl€-4). From the
product side, the largest component of gross domasiauct forWWashington is personal
consumption expenditures, accounting for about 65 percent of thevabial of final
product. Reflectingthe importance of exports in teeateeconomy, thevalue ofexports
(both foreign and domestic) account for over 55 percemgross domestiproduct. On
the income side (from Tabl@-1), about 57 percent of the total chargesinst gross
domestic product are payments to households for the services of labor.
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3. CONSTRUCTION OF THE 1987 INPUT-OUTPUT TABLES
General Approach

It is generallyrecognized that there are thrbasic approaches to constructing
regional input-output tables:survey, non-surveyand semi-surveyor hybrid The
identifying characteristic of survey-based tables is they are develapgdy fromfield
surveys offirms and utilizeother data sourceshich areregional-specific. Survey-based
tables have been seen as more accuratgemetally desirabldyut effectively limited by
expense and timactors. As an alternative to survey modkss exacting, speedier, and
low-cost non-surveymodels have been developed in recent years. In general, these
models are derived bynanipulating nationainput-output relationships to estimate
regional flows and their derivative multipliers, and as sucmatoincorporateegional-
specific surveydata. Forinstance,simple location quotients (i.e.indices of regional
specialization)are applied to national procuremepéatterns to derive proxyalues for
direct regionalnput-outputcoefficients. Another adjustment method based on estimates
from regression equations is the regional purclcaséficient. An RPC is simply the
proportion of a good oservice supplied locally ttulfill local demands. Such techniques
are pursuecxtensively inthe RIMSmodel developed bthe U.S. Bureau dEconomic
Analysis(1992) and in the IMPLANNodel developed he U.S. Fores$ervice (Alward
et al.,, 1993). Admplied by its namethe semi-survey or hybridapproach contains
elements oboth survey and non-survey metho@enerally, non-survey methods provide
an initialtable which ighen supplemented by region-specifata to ensure thagrticular
elements of the regional economy are accurately represented in the resulting table.

No other statdhas had as much experiencghi@ construction afurvey-based
input-output tables as Washington. Témsembledstatetables--representing the years
1963, 1967, 1972, 1982, and now 1987--are survey-bdsedely meaningthat
guestionnaires and surveggee central elements, and augmented aithlable regional
information, including censugata, reports of regulatogenciesirade reportsand the
panoply ofother arcaneegional sources. Each studyries inthe amount of anceliance
upon information obtained from survey questionnaitdswever, for most of thenodel's
sectors (or the state's largest industries), the estimates of the sources of inputs and markets
for outputs were based on returns from mail surveys of business establishments, interviews
with representatives of companies am@de associations, and numeropbBone
conversations. In the 1987 study, questionnaires were sent to firms in 25 sectors.

Industry Survey

A stratified sample survey of Washington establishments of selected manufacturing
and service industries was undertakerttier study. Sectors were selected for surveying
on thebasis of their overall importance tioe state's economyGiven the overall scope
andlimited budget for the studysurveys wer@ot taken in otheindustries. For the most
part, the unsurveyed sectors have eigxeellent secondaigource data (as in agriculture,
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fishing, mining,construction) orelatively simple inpustructures that could bestimated
from national input-output data.

For each establishment surveyedspondents were asked to estimate essentially
three things(1) thevalue oftotal output; (2)sales and purchases $gctor; and3) the
proportion of eaclsale and purchase madéhin andoutside of Washingtoh. Total
output ismeasured as either totales, shipments, receipts, or revenues for calgedar
1987. Sales bysectorincludetransactions to the 62 sectorsaadl as tothe final demand
sectors. Purchases by sector cdi@vs from industries anthe final paymentssectors.
The purchase analysis covered only transactions on current account.

Table 3-1
RESPONSES TO SURVEY QUESTIONNAIRES

Coverage Factors
Number of Percent of Industry

Industry Responses Employment Shipments
9 Canning & Preserving 3 7.0% 7.2%
16 Logging 4 2.3% 6.8%
17 Sawmills 13 13.1% 22.2%
18 Plywood 8 27.2% 42.0%
19 Other Wood 7 6.2% 10.5%
21 Pulp Mills 2 26.6% 22.2%
22 Paper Mills 6 37.0% 60.0%
23 Paperboard, Other Paper 6 25.4% 30.2%
26 Other Chemicals 2 18.0% 9.2%
30 Aluminum 7 85.0% 72.0%
31 Other Primary Metals 3 12.6% 4.8%
34 Industrial Machinery 2 1.2% 1.1%
36 Electrical Machinery 3 10.3% 23.6%
37 Aerospace 7 68.0% 86.1%
39 Ship & Boat Building 3 63.1% 51.9%
40 Instruments 4 6.0% 5.9%
47 U.S. Postal Service 1 100.0% 100.0%
60 Business Services 11 2.7% 6.0%
61 Health Services 10 7.4% 8.4%
62 Other Sectors 9 NA NA
TOTAL 111 NA NA

4See Appendix E for an example of a questionnaire used in the sample survey.
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The sample surveyas designed to maximipeverage of each industry, but the
response rate to the 6&tailedquestionnaires varied from industry to industry, as shown
in Table3-1. A total of 11lusable questionnairegere returned for aoverall response
rate of about 18 percent. Coverdggesed on totatmployment in each industry ranged
from nearly nothing to dull count. Thehighest coverage factors were obtained in
aerospace, U.S. Postadrvice,aluminum,paper, anghip andooatbuilding. Interms of
employmenttotal survged coverage in the non-agricultusakctors amounts to about 38
percent; but for manufacturing the figure is approximately 46 percent.

Use of Secondary Data: Known Transactions

In addition to thdimited businessurvey, sources gdublished informationvere
utilized to estimatenany ofthe important entries in the input-output teblén general,
four types of entries can be estimated from existing sources of information:

1. Industry output. The economic censugports (e.g., Census of
Manufacturesand theCensus of Wholesale Trgdetate agriculture and
fisheries publications, amather primary data sources provide most of the
required information for estimatirigtal output(i.e., value ofproduction
or sales) for each industry in tmput-output table.Estimating procedures
surrounding each industry dwt differ from that used in previousput-
output studies.

2. Industry value added. Agaithe economic censusportsprovide the
basisfor estimatingalue added by industryOther sourcesncluding the
U.S. Bureau ofEconomicAnalysis' (BEA) annual Gross State Product
(value added) series by industry were consultéthr mostindustries,
adjustments for services inputs were madeht reportedvalue added.
The Census of Manufacturedor instance,only reports the cost of
materials in production, not the cost of services inputs.

3. Laborincome by industry. A major component of vahdded is labor
income (or household income). Labancome is comprised of wages,
salaries, proprietors' income, amwther labor income. BEAregularly
publishes labor income estimatestsd two-digitlevel for eachstate. The
labor income series currently extends through 1991.

4.  Selected interindustry transactions &indl demand. Some interindustry
transactions and modinal demands can be estimated with reasonable
accuracy from trade journals and industry experts.

Balancing Routine

5A listing of sources for each sector is available from the authors.
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A balancingroutine isemployed inthe 1987 study to estimate the "unknown
transactions” in the tabléefwo steps werévolved in balancinghe table. The first step
develops the so-calledinbalanced (unknown) transactions” table. €betrol (column
and row) totals irthis tableare essentiallythe known sums of the unknown transactions
that requirebalancing. In eacltase, the control total isalculated as thdifference
between the control total in the known transactitaide and thesum ofthe known
intersectoral transactions. For th@mainingunknown transactions in thenbalanced
table, generally intersectoral flows, figures fronthe 1982 table are used iatial
estimates.

The second step in the routine idbdancehe flows. This is accomplished with a
bi-proportionalscalingroutine. Looking at thenbalanced table frohe sales point of
view (i.e., across a row), theo-called unknown transactions must add upotal sales
(the row control total of thenbalanced table). The mdasgical way to achieve this is to
raise(or lower) all intersectoral transactions proportionally. Aféealing isrepeated for
all "selling sectors," including imports, the table is balanced across the rows.

Giventhese new estimates of sales, shalingprocedure is then repeated down
the columnsfor purchases.Generally,the newly balancedows will impart imbalance
down thecolumns. The subsequent coluswalingwill force balancedown thecolumns
but again impartsimbalance across the rows. However, afteeveral rounds of
alternatively scalingrows and columnsthe estimates of the unknown transactions
converge to valuewhich balanceghe unknown transactions table acrossrdves and
down thecolumns. Aftetwo hundred andifty iterations of bi-proportional scaling, the
table achieves total balance.

The final result is the estimate of the 1987 input-output table. The updated
estimates of the direct purchaseefficientsare shown iTable 3-2. Most ofthese
estimates bear a strong similarity to the 1982 estimates. This is the desired outcome of the
bi-proportional scaling routine, since many studies have shown that input-output
coefficients tend to change slowly over time.

Table 3-2
1987 WASHINGTON STATE DIRECT PURCHASE COEFFICIENTS TABLE

Natural Manu- Trade and Personal

Resource  facturing Services Consumption
Natural resource 0.10453 0.04279 0.00287 0.00305
Manufacturing 0.08263 0.10870 0.05835 0.03212
Trade and services 0.08667 0.10188 0.20319 0.35550
Subtotal 0.27383 0.25336 0.26442 0.39067
Labor income 0.32558 0.19067 0.37418 0.00000
Other value added 0.29974 0.15417 0.23646 0.07981
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Imports 0.10086 0.34483 0.12495 0.17551

Total Input 1.00000 1.00000 1.00000 0.64599
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4. APPLICATIONS OF THE INPUT-OUTPUT MODEL
Descriptive Analysis

One of the most straightforwarapplications ofthe Washington input-output
tables is as a description of economic activity. ihpet-output table provideskaasis for
measuring income argroduct accounts fowashingtonState. The gross state product
(GSP) for Washington is the sum of the@ue addedcrossall sectors of the economy. In
1987, thesum of valueadded amounted to $85%ulion, or 1.9 percent of the U.S. gross
domesticproduct (GDP). In 1963, thgear of the first Washingtomput-output table,
gross state product waslued at$9.1 billion, or 1.5 percent of U.S. GDP. After
adjusting forinflation, the annualizedgrowth rate ofWashington'sgross state product
between 1963 and 1987 wasl percent, compared torgal GDPgrowth rate of 2.9
percent. Over the long-term, Washington's economy has outpaced the nation's.

Estimates of the Washingtd@SP for theyears covered by the input-output
studies are shown ifiable4-1. During the most recent study interval, Mashington
GSP growth rate of 3.5 percent pemumwasslightly lower than that of the GD&nnual
growth rate of 3.8 percent.

Table 4-1
WASHINGTON STATE GROSS STATE PRODUCT, SELECTED YEARS
(in millions of nominal and constant 1987 dollars)

Constant $
Washington GSP Share of Annualized
Year Nominal$ 1987$%  U.S. GDP Growth Rate

1963 9,066 31,589 1.4% ---

1967 12,733 40,551 1.5% 6.2%
1972 19,171 49,410 1.6% 4.0%
1982 58,487 71,517 1.9% 3.7%
1987 85,251 85,251 1.9% 3.5%

Sources of Gross State Product, By Industry

Estimates of thendustrial origin ofthe WashingtoilSP aresummarized in Table
4-2. The percentage contribution of each category to the total GSP oyeathés quite
revealingabout long-term structurahange in thestate. In particular, theervice and
trade sectors account for arcreasing share of income originating in Washingtate.
These labor-intensiveectors account for more than two-fifths@&P. Incomparison,
the natural resource anohanufacturingsectors have lost ground. Clearly, the
commodity-producing industries amaking a relatively smallecontribution to the
Washington economy than in yegast. Thevalue added (measured in terms of labor
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compensation) in general government currently accounts for rotighdameproportion
of GSP as itid nearly twenty-five yea®go. Household valuadded, a measure of net
rental value of occupied homés "gross housingroduct”)has declined proportionately
after a significant increase between 1972 and 1982.

Table 4-2
SOURCES OF WASHINGTON GROSS STATE PRODUCT
SELECTED YEARS
(current dollars)

1987 1982 1972 1963
$Million % Total $Million % Total $Million % Total $Million % Total
Gross State Product 85,250.9 100.0% 58,487.0 100.0% 19,171.1 100.0% 9,066.0 100.0%
Goods-producing Industries
(1-43) 23,895.0 28.0% 18,378.0 31.4% 6,488.3 33.8% 3,664.3 40.4%

Agriculture, Fishing, Food
Processing (1-4, 6, 8-13) 3,657.5 43% 3,127.0 53% 1,235.0 6.4% 7120 7.9%

Forestry, Wood Products,
Paper (5, 16-19, 21-23) 3,990.3 4.7% 2,262.0 3.9% 1,537.0 8.0% 821.0 9.1%

Primary and Fabricated

Metals (30-33) 1,289.8 15% 1,143.0 2.0% 487.0 2.5% 262.0 2.9%
Aerospace (37) 3,754.4 44% 2,700.0 4.6% 863.0 4.5% 629.0 6.9%
Shipbuilding (39) 417.3 05% 1,260.0 2.2% 226.0 1.2% 147.0 1.6%

Service-producing Industries
(44-62) 44,711.7 52.4% 27,4720 47.0% 8,560.8 44.6% 3,474.1 38.3%

Transport, Communications,
Public Utilities (44-55) 9,043.6 10.6% 6,478.0 11.1% 1,941.0 10.1% 852.0 9.4%

Finance, Insur, Real Estate,
Trade, Services (56-62) 35,668.1 41.9% 20,994.0 359% 6,620.0 345% 2,622.0 28.9%

All Other Industry (7, 14-15,
20,24-29, 34-36, 38, 40-43) 10,785.7 12.6% 7,590.0 13.0% 2,140.0 11.2% 1,093.0 12.1%

Government: Federal and
State and Local 9,840.1 11.5% 6,774.0 11.6% 2,513.6 13.1% 1,074.0 11.8%

Household Value Added 6,804.1 8.0% 6,159.0 10.5% 1,608.4 8.4% 853.6 9.4%
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The Uses of Washington GSP

The markets for the output of the Washington economy are described i-Table
Consumer marketwithin Washingtorare clearly the most important tondustry; nearly
two out ofeverythree dollars spent by Washington consumers argolmdsand services
provided by within-state suppliers. @ftal consumeputlays of $55.1billion, all but
$15.1 billion was spent "at home."

Net exports byindustrial sectors (excluding federal markets) have increased
significantly compared to earlier studies completedhi@a 1960s. These gains, however,
have been offset by a declinetire proportion of GSP sold to thexderal government.
Washingtonstateand local government has declined somewhat comparEaBgy while
gross private investment shares are cyclically erratic.

Table 4-3
THE MARKETS FOR WASHINGTON OUTPUT
(SOURCES OF FINAL DEMAND FOR WASHINGTON GSP)
(millions of current dollars and percent of total)

1987 1982 1972 1967 1963
$Million % Total $Million % Total $Million % Total $Million % Total $Million % Total

Gross State Product 85,250.9 100.0% 58,487.0 100.0% 19,171.0 100.0% 12,733.0 100.0% 9,066.0 100.0%

Washington PCE purchased
from WA suppliers 40,108.9 47.0% 27,724.0 47.4% 8,716.0 455% 6,474.0 50.8% 4,492.0 49.5%

Washington gross private
investment purchased
from WA suppliers 8,230.0 9.7% 3,579.0 6.1% 1,372.0 7.2% 1,432.0 11.2% 663.0 7.3%

Washington state & local
government expenditures
in WA 10,586.1 12.4% 8,618.0 14.7% 2,490.0 13.0% 1,537.0 12.1% 953.0 10.5%

Federal government
expenditures in WA 8,329.2 98% 6,778.0 11.6% 2,384.0 12.4% 2,166.0 17.0% 1,864.0 20.6%

Net exports by industrial
sectors 17,996.7 21.1% 11,788.0 20.2% 4,209.0 22.0% 1,124.0 8.8% 1,093.0 12.1%

The externatraderelationships of WashingtoBtate areparticularly impressive.
The state, in both absolugand relative terms, ls&ecomingmore import-dependent and
export-oriented (Tabld-4). Total exports o¥Washington industry--inclusive of federal
government, exports to the rest-of-U.S., and foreign exports--amounted tdbiHg 3n
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1987. This is eleven timegreater than that of 1963. In comparison, the GSP tbiser
period increased b9.4 times (in nominaterms). Exports arebviouslymore important

than formerly,but the composition of export markét@s also changed.
Exports tdoreign markets have expanded

increasing reliance upon foreignarkets.

There is

many times faster thaiisSP during the period. Exports to the rest-of-U.S. hawadso
grown faster than GSRyhile exports tofederal government have increase8 times
since1963. Washington dependency upon federal spending-datlan and military is

much less than it used to be.

On the import side, Washington purchases from the USitatks by indstry and
by consumers have growelative to GSP.Imports by stat@and local governments show
weak growth,indicating a shift instateand local procurememward thepurchase of

more locally provided goods and services.

Table 4-4

THE EXTERNAL TRADE ACCOUNTS OF WASHINGTON STATE

1963 AND 1987
(millions of current dollars)

1987 1963
Total Exports by Markets 56,279.9 5,381.8
to federal government 8,329.2 1,864.4
to rest-of-U.S. 32,768.3 3,041.3
to foreign markets 15,182.4 476.1
Imports by sectors, all sources 48,1429 4,567.7
Total imports from rest-of-U.S. 41,653.9 4,202.3
by consumers 13,623.4 1,526.7
by industry 25,288.1 2,139.9
by investors 1,408.0 288.9
by state & local governments 1,334.4 246.8
Total imports-foreign 6,489.0 365.4
by consumers 1,339.1 81.1
by industry 4,665.9 284.3
by investors 440.0
by state & local governments 44.0
Net Exports 8,137.0 814.0
Trade with rest-of-U.S.
(including federal) -556.4 703.4
Foreign trade 8,693.4 110.7
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Gross State Product

85,250.9

9,066.0

On balance, Washingtonmigt exports to the rest of the world were $8llion in
1987. Net export growthas growmine fold sincel 963,roughly the same magnitude of
increase a&SPduring the period.This rise intradesurplus follows fromhe fact that
both exports and imports have expanded faster @R, and exports--particularly to
foreign countries, have increased faster than imports.

Washington's overall surplus on its extertralde accountslisplays significant
shifts sincel963. While our tradesurplus has risen substantially witkspect to our

foreign trading partnerspur

tradesurplus with the rest-of-U.S(including federal

purchases) has turned decidedly negatiwile federal procurement from Washington
Statehas growrslowly, Washingtorproducers have found new markets in the United
States, and morggnificantly,abroad. Out-of-state producers--bédreign and domestic

have also established a strong foothold in Washington markets.

Table 4-5

OUTPUT AND VALUE ADDED BY SECTOR, 1982 AND 1987

(millions of current dollars)

Gross Output Value Added
Sector 1982 1987 1987/1982 1982 1987 1987/1982
Field & Seed Crops 1,158.0 864.7 75% 746.0 478.4 64%
Vegetables & Fruits 759.0 1,049.9 138% 592.0 782.8 132%
Livestock & Products 916.0 947.2 103% 291.0 330.2 113%
Other Agriculture 136.0 133.1 98% 116.0 95.6 82%
Forestry 603.0 884.3 147% 517.0 787.0 152%
Fisheries 94.0 177.0 188% 56.0 93.4 167%
Mining 238.0 382.7 161% 164.0 208.3 127%
Meat Products 1,091.0 1,334.4 122% 112.0 104.3 93%
Dairy Products 780.0 794.7 102% 114.0 111.0 97%
Canning & Preserving 1,594.0 2,006.8 126% 528.0 713.0 135%
Grain Mill Products 305.0 443.4 145% 50.0 105.4 211%
Beverages 694.0 972.2 140% 224.0 435.5 194%
Other Foods 598.0 745.3 123% 298.0 407.9 137%
Textiles 50.0 71.2 128% 22.0 55.2 251%
Apparel 189.0 340.9 180% 85.0 131.1 154%
Logging 1,738.0 1,908.6 110% 390.0 590.2 151%
Sawmills 1,081.0 1,947.6 180% 321.0 644.7 201%
Plywood 305.0 400.3 131% 79.0 129.5 164%
Other Wood Products 499.0 774.3 155% 167.0 267.5 160%
Furniture & Fixtures 164.0 255.8 157% 84.0 112.5 134%
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Pulp Mills 355.0 682.8 192% 92.0 181.8 198%

Paper Mills 1,253.0 1,903.8 153% 382.0 839.7 220%
Paperboard, Other Paper 1,041.0 1,386.7 133% 314.0 549.9 175%
Printing & Publishing 865.0 1,435.1 166% 491.0 867.9 177%
Industrial Chemicals 857.01,457.2 171% 543.0 1,003.6 185%
Other Chemicals 185.0 186.2 100% 59.0 83.8 142%
Petroleum 4,629.0 3,7294 80% 564.0 650.0 115%

Table 4-5 (continued)
OUTPUT AND VALUE ADDED BY SECTOR, 1982 AND 1987

Gross Value

Output Added
Sector 1982 1987 1987/1982 1982 1987 1987/1982
Glass Products 116.0 183.6 155% 52.0 86.7 167%
Cement, Stone & Clay 413.0 569.4 139% 194.0 258.8 133%
Aluminum 2,050.0 1,842.7 90% 470.0 508.0 108%
Other Primary Metals 563.0 548.1 97% 222.0 265.3 120%
Structural Metal Products 582.0 690.3 119% 236.0 267.8 113%
Other Fabricated Metals 520.0 680.8 131% 215.0 248.7 116%
Industrial Machinery 910.0 1,183.2 129% 472.0 608.8 129%
Computer & Office Equipment 299.0 5315 175% 146.0 309.2 212%
Electrical Machinery 907.0 880.2 98% 522.0 403.5 7%
Aerospace 8,936.0 14,208.5 159% 2,700.0 3,7544 139%
Motor Vehicles 502.0 685.5 137% 209.0 348.0 166%
Ship & Boat Building 1,890.0 1,254.7 66%  1,260.0 417.3 33%
Instruments 546.0 1,438.6 262% 400.0 805.4 201%
Other Manufacturing 590.0 937.9 159% 308.0 427.6 139%
Highway Construction 536.0 700.0 131% 268.0 322.3 120%
Other Construction 5,996.0 10,538.0 176%  3,007.0 4,103.0 136%
Railroad Transportation 640.0 577.0 90% 423.0 281.0 66%
Local & Suburban Transport 300.0 357.0 119% 202.0 271.0 134%
Motor Freight & Warehousing 1,380.0 1,858.7 135% 887.0 1,088.7 123%
U.S. Postal Service 365.0 469.4 129% 321.0 395.6 123%
Water Transportation 1,450.0 1,244.0 86% 400.0 599.0 150%
Air Transportation 1,151.0 1,533.3 133% 472.0 637.3 135%
Pipelines 34.0 32.0 94% 22.0 24.0 109%
Transportation Services 197.0 406.0 206% 132.0 231.0 175%
Electric Companies 2,565.0 3,906.0 152% 1,675.0 2,551.0 152%
Gas Companies 1,144.0 800.0 70% 175.0 122.0 70%
Other Utilities 327.0 700.0 214% 269.0 400.0 149%
Communications 1,912.0 2,772.8 145% 1,500.0 2,443.0 163%
Wholesale Trade 6,227.0 8,974.0 144% 4679.0 6,723.0 144%

XXXVIi



Eating & Drinking Places 1,757.0 3,824.0 218% 1,279.0 1,712.0 134%
Other Retail Trade 7,016.0 10,385.5 148% 5,042.0 6,682.5 133%
Finance, Insur, & Real Estate 3,800.0 11,281.4 297% 2,686.0 6,898.7 257%
Business Services 2,350.0 4,089.0 174% 1,445.0 2,862.0 198%
Health Services 3,562.0 6,650.0 187% 2,650.0 3,974.5 150%
Other Services 4,824.0 9,370.8 194% 3,213.0 6,815.4 212%
Total 88,534.0 133,319.5 151% 45,554.0 68,606.7 151%
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Industrial Growth

Economicgrowthcan be measured in several different ways. Frgnoss output
perspective, industries in Washingtstateincreased by 50 percent in theminal value
of their outputsbetween 1982 and 1987 (Tables). Showing the most rapidutput
growth isfinance, insurance, and resdtate, a sector whose 19&%enues ar@early
threetimesthose of 1982. Awumber ofother sectors sawheir outputdoubleincluding
instruments, transportation services, other utilities, and eating and drinking establishments.

Slow growthindustries include petroleum and aluminum--bdiie to thedecline
in crude commodity prices duringhe period. Other sectors decline included
shipbuilding, fieldand seed crops, and electricedchinery. A number ofthe forest
products sectorgarticularly hard hit durintghe early 1980s, saw dramatimprovements
in output during the latter 1980s.

Another important measure of relatigeowth is thechange in value added in
sectors. Industriatalue added doubled in a numbersettors over théve year period.
Increases were greatestfinance, reakstate, anaghsurance; instrumentstherservices;
computer and office equipment; and paper millsthatotherend of the growth spectrum
were shipbuilding, electrical machinery, fiekhd seed crops, railroad transportation, and
gas companies.

A detailedanalysis ofstructural change is beyoride scope othis report. The
information presented here, however, is an impog#ag indeterminingthe sources of
real economiggrowth and productivityadvances in the Washington econo(hiplland
and Cooke, 1992).

Impact Analysis

The input-output table provides more than a mere descriptiomegbnal
economic activity. As Leontief pointed out, "it is ab@llean analyticalool" (Leontief,
1963). The most common applicationimput-output tables ignpact analysis.Impact
analysis essentialljneasures the change awtput (i.e., production),employment, and
income inall regional industries as a consequence of change ifindledemand of a
particular industry. The transactions table and the tables of deoeffitientsare the
basic analyticatools used in conductingnpact analysis.Central toany impacanalysis
are economicmultipliers, which are derived from thmverse coefficients or total
requirements table.

The concept of the uttiplier was first introduced by R.Kahn in 1931 and later
elaborated and incorporated by John Mayikagnes in higgeneral theory ahcome and
employment. Both were concerned with aggregate multipliers--meagtahghanges in
income (and employment) in a national economy resulting &wogenous changes in
investment. Keynegointedout that if acertain amount of incomeere injected into the
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economy, consumer spending would rise although by an amount lesthé¢haitial
injection. Theproportion of addedhcomespent by consumers becomes somezse's
"new" income. The latter, in turn, spend some fraction of their additional incoméjsand
behavior continueghrough successive rounds of spending. The approximate total
addition in income whickvould result from ajiven injection of "new" incomeould be

the multiplier times this initial injection.

Though aggregateultipliers are useful analyticatools inassessingotal impacts,
input-outputmodels enable us to derive sets of multiplire, main feature okhich is
that they are disaggregated. These input-outpuiipliersrecognize that the totahpact
on income(or output,employment) will vary according tahich sectorexperiences the
initial expenditure change. Manipulation tfe input-output tablallows for the
estimation of various types of multipliers, depending uptether the interest is in
output, income, or employment. In additiothe valuesattached to thencome and
employment multiplierare notuniquely determinedut are governed by the degree of
model closuré.

The objectives herare to describe how input-quit multipliersare derivedising
an aggregated three-industry input-output table, to presewveral sets of sectoral
multipliers fromthe 1987 Washingtomput-output table, to illustrate their use, and to
examine some issues in conducting impact analysis.

A Technical Digression on Input-Output

In mathematical terms, the core of the input-outpotdel is a system of linear
equations showing thmterrelationships among industridggough their purchases and
sales. The specification dhe input-outputmodel is based onwo fundamental
propositions. The first proposition simpyates that each indtry is related teevery
other sector in theegional economy. In terms of industytput,this relationship can be
expressed by

Xi=Xj1+ X2+ ...+ Xn 1Y, i=1,n D
where:

Xj is the total output from "selling" industry i,

Xij is the output sold from industry i to regional industry j; and

Yj is the output sold to sectors of final demand.

Referring tothe aggregated Washingtmput-output table (Tabl@-1), equation
(1) can be rewritten more explicitly as the following system of equations:

6"Closure" refers to the allocation séctors betweethe endogenously determined portiontbe model
and final demand.
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X1=X11+ X12+ X13+ X14+ Y1
X2 =X21+ X2+ X3+ Xp4+ Y2
X3 =X31+ X32+ X33+ X34+ Y3
X4=Xq1+ Xg2+ X43+ X44+ Yy ()

Each of these four equations is an accounttiantity showingthe industry's
distribution ofoutput orsales. These equations are alalbed"row equations,” ashey
describe the transactions of industries as shown in the rows of the aggregated input-output
table. The first three equations refer to the three industries--natural resource,
manufacturing, antrade andservices--whilethe householdector is represented by the
fourth equation. In this version tfe input-output model, households are considered to
behave like industrieseglling services (i.e., labor), earning revenues (i.e., wagdaries,
and proprietors' income), and making purchases (i.e., personal consumption expenditures).
These input-outpunodels with households endogenous (net,one of thdinal demand
sectors) are generally called Type Il models.

The second proposition, based on theories of productiotraahel constitutes the
key behavioral assumption of the regional input-output motlak assumption holdbat
the ratio of input required by industry j from regional industry i totttal output of
industry j is constant:

rj = Xij/Xj foralliand|j 3

Table 4-6
1987 WASHINGTON STATE DIRECT PURCHASE COEFFICIENTS TABLE

Natural Manu- Trade & Personal

Resource facturing Services Consumption
Natural resource 0.10453 0.04279 0.00287 0.00305
Manufacturing 0.08263 0.10870 0.05835 0.03212
Trade and services 0.08667 0.10188 0.20319 0.35550
Value added 0.62531 0.34483 0.61063 0.07981
Total Employment 21.6 6.6 20.2 0.0
W&S Employment* 10.4 5.1 15.9 0.0

* Number of wage and salary employees per million dollars of output.

"This model is said to be "closed" with respectth@ household sector. Input-outpubdels with
households exogenous--part of the final demand sector--are Tgjdedl models. SinceType | models
are rarely used in impact analysis, tleg notdiscussed ithis report. Most impact analyses u3gpe |

models to capture the "induced" effects related to consumer spending.
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Estimates of the direct inpabefficients or i.are derived from base-year input-
outputtables. Recalhat Table3-2 (andduplicated above as Table6 forconvenience)
presented the 1987 WashingtBtate directpurchase coefficients frorthhe aggregated
transactions tabfe. For example the value of {9, the ratio of the purchases of natural
resource industry inputs by manufactures tmtal manufacturing output, is .043
(=2,071.3/48,411.7; found in Tab®l). This coefficienimpliesthat themanufacturing
industry requires4.3 cents of natural resource &hgu inputs from Washington
establishmentdor every dollar of manufacturingutput. The coefficients ithe last
column of Table4-6 arecalculated bydividing household consumption in each category
by total value added. Thus, pgis .0321 (=2,738.2/85,250.9neaningthat for every
dollar of value added, households purchase roughly 3 cents of commofities
Washington's manufacturing sector.

Substituting these valuésr eachi[ (found in Tables-2 and 4-6) into equations
(2) gives:

X1 =.1045X + .0428% + .0029Xg + .0031X% + Y1

X2 =.0826X +.1087X% + .0584X +.0321% + Yo

X3=.0867X +.1019X% + .2032)g + .3555X + Y3

X4 =.6253X + .3448% + .6106>Xg + .0798X% + Y4 4)

Equation systen) isessentially annput-outputmodel ofthe Washingtoistate
economy with four equations and four unknowns, (X, X3, and X). This meanshat
given values for the final demand variableg (Y2, Y3, and Yj), the model can be solved
for the output variables.

In addition to solving this simpleput-output model, mosinpact analysis models
are expanded tmclude an employmemquation. For the aggregatéhshington input-
output model, this employment equation is developed from the following identity:

N=N7+No+N3+Ng (5)

where

N is total employment (wage & salary and proprietor); and

8The direct purchaseoefficients table is also callatle direct requirements table or regional
coefficients table.

9Alternative coefficients are calculated by dividing household consumption by total personal income.
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N;j is total employment in industry j.

Similar tothe assumption dixed direct purchase coefficientdie model assumes
that the direcemployment requiremenger unit ofoutput, I, are constant foall levels
of production, or in notation form:

n = Nj/Xj
or
Nj = 1§ (6)

Like the direct purchasmoefficients,the directemployment coefficients,j,nare
calculated from estimates of employment andput in the input-outputable. For
instance, the directotal employment coefficienfor manufacturing industries 6,
measured in th@umber of jobsper million dollars of output. This meansthat the
manufacturingsector requires 6.6 wagad salaryvorkers and proprietors to produce
onemillion dollars of manufacturingutput. The direct totaemployment coefficients for
the aggregated Washington input-output model are provided in Table 4-6.

Using these coefficients and substituting equatién into equation (5yives the
following employment equation:

N = 21.6X + 6.6X + 20.2X3 (7)

Note thatsincethere is noemployment irnthe householdector, theemployment
equation has only three terms, one for each of the industries in the aggregated table.

To briefly demonstrate howhis five-equationnput-outputmodel can be used in
impact analysisconsider theexample ofthe totaleconomic impact of &50 million
increase in manufacturing exports. Using the framework, this implies that:

X1 =.1045X + .0428% + .0029Xg + .0031% + O

Xo = .0826X +.1087% + .0584)g + .0321%; + 50.0

X3=.0867X +.1019% + .2032)Xg + .3555% + 0

X4 =.6253X + .3448X% + .6106Xg + .0798X4 + 0

N = 21.6X + 6.6X + 20.2X3 (8)

Since Y1 = 0, Y2 = 50.0 (the $50nillion change in manufacturirfinal demand),
Y3 =0, and y; = 0 for this impact.

xlii



The reader can verify that the rounded-off solution is:
X1=38.0, % =60.0, 3 =27.0, X4 =42.0, and N = 1,006

Thus, according to the model, a $llion increase in manufacturirgxports is
expected to result in a $8illion production increase in natural resource industries. The
total impact on industriabutput (excluding households) £90 million (=3+60+27). The
direct and indirect impact of this export expansion on value added aneintglalyment is
$42 million and 1,006 jobs, respectively.

Table 4-7
1987 WASHINGTON STATE INVERSE COEFFICIENTS TABLE
(Total Dollars of Input Per Dollar of Output)

Natural Manu- Trade and Personal

Resource facturing Services Consumption
Natural resource 1.13337 0.06161 0.01864 0.01311
Manufacturing 0.20243 1.19322 0.17124 0.10848
Trade and services 0.74812 0.53619 1.86554 0.74192
Value added 1.34249 0.84483 1.31481 1.62863
Employment* 40.9 20.0 39.2 16.0

* Number of wage and salary employees per million dollars of output.

Instead of resolvinghe input-outputmodel for each new scenario @hal
demands, a standardized solutiorgé&nerallyused in economic impaetnalysis. This
solution is given irthe inverse coefficients ototal requirements table (Tab#e7). The
first column showghe totalchange in industrputputand value addedue to adollar
change in thdinal demand of naturalesource industry production. Thigt the first
column entriesepresent the solution set to equati¢fisand(7) giventhat Y1 = 1.0, Yo
= 0.0, Y3 =0.0,and Y3 = 0.0. Forinstance, the table showisat for every dollar of
natural resource industgutput, $0.202 of output iequired from manufacturing. The
total employment requirememter million dollars of natural resource industytput is
40.9 employees (=1.1334*21.6+0.2024*6.6+0.74812*20.2).

Multipliers

An input-output multiplier is essentially a summary measure of an industry's impact
on the economy. Although a multiplier generallyexpressed as a single number, it is
formally defined as the ratio of the industry's total impact to its direct impact.

The inverse coefficients dotal requirements table is also calldte multiplier
table, sinceghe mostommonlyusedmultipliersare obtained from it. Each cell shows the
value ofoutput from the industrmamed at left required directly, indirectly, and through
induced household consumption dopport adollar of final demand delivered from the
industry named at the top.
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Defined withrespect to a dollar ahanufacturingputput, themanufacturing value
addedmultiplier is 0.8448,which is simplythe fourth entry in the secomdlumn. The
labor income multiplier, defined wittespect to ananufacturing dollar obutput,can be
obtained by th@roductsum of each cell ithe manufacturing column with its respective
labor income coefficient.Thus, the labomcome multiplierfor manufacturing is 0.4482
(=0.3256*0.0616+0.1907*1.1932+0.3742*0.5362pefined with respect to amillion
dollars of output, themanufacturingtotal employment multiplier i20.2. Income and
employment multipliersire commonlyused with respect to direct changesnrome and
employment, rather than output.

Accordingly, the manufacturing employment multiplier ke totalemployment
required in the economger direcjob in manufacturing. Siname million dollars of
manufacturing require.6 total directmanufacturing jobs (from Tab#e6) and 20.0 total
jobs inthe economy (fronTable 4-7), themanufacturingotal employment multiplier is
3.03 (=20.0/6.6). This multiplier can benterpreted tomeanthat for every new job in
manufacturing, there are an estimat2®3 additional jobs(wage andsalary and
proprietors) created throughout the economy.

Table 4-8 shows the four types etonomic multipliersobtained from the
aggregated input-output table. Thdése multiplier types are those most oftetilized in
impact analysis.

Table 4-8
1987 WASHINGTON STATE INPUT-OUTPUT MULTIPLIERS
Three Sector Model

Total Labor
Total Jobs Employment Income Value Added
Industry (per $mil output) (per job)  (per $ output) (per $ output)
Natural resource 40.9 1.894 0.688 1.342
Manufacturing 20.0 3.045 0.448 0.845
Trade and services 39.2 1.941 0.737 1.315

The formal definitions of these multipliers are as follows:

1. Totaljobs multiplier (jobs/$millioroutput). The totalemploymen{wage and
salary workersyenerated irall sectors of theconomyper million dollars of
output in the industry.
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2. Totalemployment multiplier (jobs/job)The totalemploymeniboth wage &
salaryworkers and proprietors) generatedalhsectors of theeconomy per
job in the industry.

3. Laborincome multiplier($income/$output). The total labarcome(wages,
salaries, proprietorgicome andtherlabor income) generated all sectors
of the economy per dollar of output in the industry.

4. Value added multiplier ($valuadded/$output). The totalalue added
generated in all sectors of the economy per dollar of output in the industry.

For most forecasting exercises, the constaefficient assumption regarding value added,
labor income, and regional coefficients is reasonable; however, a constant job coefficient is
not. This is primarilydue to productivity changeshich tend to reduce the amount of
labor needed to produce a unit of output, and thus the valugs of n

1987 Washington State Multipliers

Multipliers for the 62-industry Washingtdstate input-outpuinodelare reported
in Table4-9. The input-outputnodel is a Type Il modethatis, householdare an
endogenous part of thmodel. Included for each industry are Typéotal jobs,Type II
total employment, Type Il labor income, and Type |l veddeled. The labancome and
value addedre stated in terms dbllar of incomeper dollar ofoutputdelivered tofinal
demand byheindustry named at left ithe table. Thgbs multiplier is given iterms of
the totalnumber of jobs generatedtime economyer million dollars ofoutput. This set
of multipliers isthen divided bythe estimated totgbb coefficients to obtaithe set of
total employment multipliers.
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Table 4-9
WASHINGTON STATE INPUT-OUTPUT MULTIPLIERS, 1987

Total Jobs Total Labor Value

(per $million Employment  Income Added
Industry of output)  (per job) (per $output) (per $output)
Field & Seed Crops 27.178 2.750 0.625 1.204
Vegetables & Fruits 70.629 1.409 0.894 1.486
Livestock & Products 29.373 4.293 0.739 1.268
Other Agriculture 68.292 1.412 0.898 1.386
Forestry 27.019 4.167 0.492 1.621
Fisheries 85.258 1.298 0.804 1.205
Mining 28.901 2.434 0.565 1.136
Meat Products 15.631 5.794 0.338 0.620
Dairy Products 29.171 14.489 0.676 1.259
Canning & Preserving 39.324 5.405 0.598 1.233
Grain Mill Products 14.572 4.615 0.302 0.659
Beverages 24.958 8.987 0.482 1.250
Other Foods 28.529 3.544 0.544 1.291
Textiles 36.030 2.138 0.825 1.437
Apparel 28.474 1.798 0.439 0.826
Logging 31.004 5.801 0.594 1.482
Sawmills 30.208 4.173 0.599 1.306
Plywood 33.258 3.598 0.653 1.328
Other Wood Products 21.089 6.532 0.443 1.029
Furniture & Fixtures 36.479 2.456 0.659 1.203
Pulp Mills 21.900 9.346 0.478 1.087
Paper Mills 24.251 6.995 0.532 1.277
Paperboard, Other Paper 28.579 5.081 0.588 1.358
Printing & Publishing 33.047 2.407 0.641 1.288
Industrial Chemicals 27.146 3.629 0.643 1.407
Other Chemicals 22.763 3.853 0.462 1.058
Petroleum 5.476 8.879 0.112 0.358
Glass Products 29.931 3.233 0.600 1.289
Cement, Stone & Clay 28.281 3.501 0.574 1.198
Aluminum 18.128 4.639 0.443 0.927
Other Primary Metals 24.484 3.273 0.544 1.128
Structural Metal Products 22.884 2.468 0.487 0.884
Other Fabricated Metals 23.755 2.788 0.478 0.919
Industrial Machinery 26.338 2.397 0.555 1.061
Computer & Office Equipment 28.685 2.772 0.601 1.236
Electrical Machinery 27.179 2.416 0.563 1.031
Aerospace 14.397 2.301 0.383 0.535
Motor Vehicles 19.242 3.664 0.479 1.011
Ship & Boat Building 26.239 1.814 0.623 0.756
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Instruments 25.061 2.752 0.548 1.128
Other Manufacturing 30.569 1.880 0.483 0.977
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Table 4-9 (continued)

WASHINGTON STATE INPUT-OUTPUT MULTIPLIERS, 1987

Total Jobs Total Labor Value

(per $million Employment  Income Added
Industry of output)  (per job) (per $output) (per $output)
Highway Construction 29.553 2.486 0.703 1.083
Other Construction 30.238 2.667 0.614 1.029
Railroad Transportation 26.469 2.674 0.706 1.076
Local & Suburban Transport 47.212 1.718 0.959 1.441
Motor Freight & Warehousing 38.077 2.151 0.754 1.261
U.S. Postal Service 47.736 1.710 1.183 1.529
Water Transportation 23.455 2.792 0.575 1.014
Air Transportation 26.423 3.130 0.635 1.039
Pipelines 22.912 9.400 0.463 1.486
Transportation Services 50.942 1.736 0.972 1.279
Electric Companies 22.788 7.161 0.495 1.464
Gas Companies 8.958 3.084 0.245 0.380
Other Utilities 34.245 3.471 0.766 1.499
Communications 28.974 3.259 0.675 1.564
Wholesale Trade 35.777 2.716 0.739 1.518
Eating & Drinking Places 57.955 1.632 0.716 1.251
Other Retail Trade 49.433 1.869 0.803 1.419
Finance, Insur, & Real Estate 42.592 2.543 0.706 1.510
Business Services 51.655 1.674 0.883 1.398
Health Services 45.174 2.009 0.920 1.360
Other Services 63.483 1.645 1.008 1.555

Thesemultipliers are relatively consistent compared with those edrlier studies
(Bourque and Conway, 1977, Bourque, 1987)his issue of stability igmportant
especially if sectoral multipliers are to be useful for predictive purposes.

What is meant bymultiplier stability? Simply, stabilityefers to thelevel of

consistency in sectoratultipliers observedver time. In addition to siple measurement
error, there are numerous sources of temporal change operatingluence the

magnitude of multipliers. Changes in technical methodgrofiuction, changes in
geographic patterns of procurement, changgsaductmix within sectors, ana¢hanges
in the span of processingithin establishmentsake place over time. Suchhanges
become manifest ithe direct productionoefficients from which multiplierare derived.
Changes in direct coefficientsre themselves functions of stithore complex forces
including changes irechnology, relativecosts, economies of scale, and regulatory
mandates. The critical question is whether thiggeamic forces making for changing

regional direct coefficientsnderminethe usefulness of multiplierfor the purposes of
impact analysis.
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Value addednultipliers for individual sectors forthis study have been compared
with other studyyears (see Tabl&6, page 33, Bourque 1987). As in other studies, the
average (unweighted mean) anddian multiplier valuesontinue to decline. Ithe 1987
study, the averagealue added nitiplier acrossall sectors was 1.18 and theedian was
1.25. Furtheanalysis indicatethat differences amongectormultipliersnot only tend to
be persistent, but thdheir levels tend to changesystematicallyover thetime frame
covered by these input-output studies.

Impact Estimation Procedures

Presented in this secti@netwo simpleimpact analyses illustratirthe application
of the detailed Washington input-output model:

1. Computer anaffice equipment impact. The firstexample is estimating the
impact onthe Washingtostateeconomy of an addition&50 million order in
computer equipment (namely computer printers). The direct andriptadts
of such an expansion are shown in Table 4-10.

Table 4-10
COMPUTER AND OFFICE EQUIPMENT
IMPACT ON WASHINGTON STATE ECONOMY

Impact

DIRECT IMPACT

Computer & Office Equipment output ($ million) 50.0

Computer & Office Equipment total employment 517

Computer & Office Equipment labor income ($ million) 13.5
TOTAL IMPACT

Output ($ million) 96.4

Total employment 1,434

Labor income ($ million) 30.0

The direct impact amounts 50 million of production, 517 jobs, and $14.0
million of labor income withinthe computer andffice equipment industry.
The directemployment and income impa&ee estimated byultiplying the
$50 million by the directemployment and income coefficients, respectively.
For example, sincéhe direcincome coefficient i$.2709million per million
dollars of output, the direct labor income impact is$13.5 million
(=.2709*50.0).

These direct impacts can be calculatednoitiplying the exogenoushange
by the appropriatenultipliers from Tablet-9. Forinstance, théotal increase
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in labor income fronthe increased production of $&@llion in computer and
office equipment is $30.0 million (=50.0*.601).

2. Health care industiiynpact. Thissecondexample is estimatintpe impact on
the stateeconomy from a hospital expansion. This example is more
complicated tharour first example inthat theexpansion amounts to $100
million in new construction with an additior850 million in projected
revenues in thaealth care industry. However, the following calculations
demonstrate, the overall impact of this expansion is simply the sum of the total
impacts of construction and operation.

The direct and totalmpacts ofthe hospitaéxpansion (construction and
operation) are shown in Table 4-11. The first tlm@amns presernhe direct
output, employment, and labor income impaébs other construction and
health caresectors. The direcemployment impactsfor instance, are
calculated bymultiplying the directoutput impacts bythe corresponding
employment coefficients.

Table 4-11
HOSPITAL EXPANSION
IMPACT ON WASHINGTON STATE ECONOMY

DIRECT IMPACT TOTAL IMPACT
Labor Labor
Output Income Output Income
($ mil.) Employment ($ mil.)  ($ mil.) Employment ($ mil.)
Other Construction 100.0 1,134 28.1 196.4 3,024 61.4
Health Care 50.0 1,124 25.9 104.9 2,25¢ 46.0
Total 150.0 2,258 54.0 301.3 5,283 1074

The second set of threeolumns of Table4-11 show the totabutput,
employment, and income effects (in 11 industries) as a consequence of the
direct impact oboth construction andealthcare. Forexample, $100nillion

in other construction output leads to a ta@ployment impadioth wage &

salary workers and proprietors) on gmnomy 0f3,024 jobs. As before, the

total employment impact is calculated byultiplying the direct other
construction employment impact bythat industry's total employment
multiplier, which is 2.667 (=1,134*2.667) (Table 4-9).

Considerations in Economic Impact Analysis




When conducting an impaahalysis usinghese input-output tables,ramber of
considerations should deept in mind. Most ofthese comments concern the use of
multipliers.

1. Critical inthe analysis is identifyinghe initial change iffinal demand. If the
issue under analysis is not clearly specified, then the impact analysis will not be
completed successfully. Such mundamegters as the sectand study area
under consideration acgitical. Here, theanalyst needs to determine whether
(1) the change is infinal demand;(2) there areffsetting changes in the
economy;(3) new construction is required by tbleanget® and (4) final
demand change is in more than seetor. Take foexamplethe matter of
offsetting changes in the economy. Positive iplidt effects of publicsector
projects are often trumpeted withoutareful consideration dhe negative
offsets by taxpayers who finance them.

2. There is no single multiplier for the Washingronomy. Often asked is
what is "the" muiplier for Washington? Related, is what is "tmalltiplier
for aerospace in Washington? Sinibere are in fact multipl&kinds of
multipliers for each industry, such a question makes very little sense. Table 4-
9 presents 248nultipliers and still does notexhaust thepossibilities.
Conceivably,there are annfinite number of possible multipliers, depending
upon the degree ahodel closure andhe formulation of théncome and
expenditure functions. Rememtibat a multiplier is simply the ratio of two
changes, the dependent charpgng the numerator and thedependent
change being the denominator.

3. Multipliers are specified according tquite simplified behavioral assumptions
in_response to changes in demand smwdme. The valudor any given
multiplier isdependent upon tHeehavioral assumptions underlyitige input-
outputmodel. In the equatioset (2), foukkey restrictionsre placed upon
the Type llvalue added multiplis: (1) thebehavioral relationarelinear; (2)
regional coefficientare constant; (onsumption is a iple function of
value added; and4) theeffects of inducedstate and local government
expenditures and induced investment spendnegzero, that is theodel is
not closed with respect to government amtyestment expenditurés,
Obviously, if any ofthese assumptions are altered, the multiplier estimates
would change. Onanderlying issue ilow much bias aet of asumptions
might introduce into the assessment of an impact.

10Recall that because input-output transactions are on a current account basis, construction (for example,
a new facility) represents a capital account purchase, and as such, requires specifying a separate increase
in final demand (investment).

11These restrictions also apply to the other Type Il labor income, total jobs, and total employment
multipliers.



VALUE ADDED MULTIPLIERS UNDER ALTERNATIVE

Table 4-12

SPECIFICATIONS, 1987

(dollar per dollar of output delivered to final demand)

Alternative State & Local

Consumption  Government

Industry Type Il Function Endogenous
1 Field & Seed Crops 1.204 0.915 1.477
2 Vegetables & Fruit 1.486 1.192 1.823
3 Livestock 1.268 1.005 1.556
4 Other Agriculture 1.386 1.144 1.701
5 Forestry 1.621 1.056 1.989
6 Fisheries 1.205 1.006 1.478
7 Mining 1.136 0.851 1.393
8 Meat Products 0.620 0.480 0.761
9 Dairy Products 1.259 0.968 1.545
10 Canning & Preserving 1.233 0.916 1.513
11 Grain Mill 0.659 0.481 0.808
12 Beverages 1.250 0.866 1.534




Table 4-12 (continued)
VALUE ADDED MULTIPLIERS UNDER ALTERNATIVE
SPECIFICATIONS, 1987
(dollar per dollar of output delivered to final demand)

Alternative State & Local

Consumption  Government

Industry Type Il Function Endogenous
13 Other Foods 1.291 0.917 1.584
14 Textiles 1.437 1.133 1.764
15 Apparel 0.826 0.633 1.013
16 Logging 1.482 1.038 1.819
17 Sawmills 1.306 0.953 1.602
18 Plywood 1.328 0.991 1.629
19 Other Wood 1.029 0.736 1.263
20 Furniture 1.203 0.932 1.476
21 Pulp Mills 1.087 0.783 1.334
22 Paper Mills 1.277 0.905 1.567
23 Paperboard 1.358 0.973 1.667
24 Printing 1.288 0.965 1.580
25 Industrial Chemicals 1.407 1.026 1.727
26 Other Chemicals 1.058 0.760 1.299
27 Petroleum 0.358 0.235 0.440
28 Glass Products 1.289 0.945 1.581
29 Cement & Stone 1.198 0.887 1.470
30 Aluminum 0.927 0.686 1.138
31 Other Primary Metals 1.128 0.837 1.384
32 Structural Metals 0.884 0.686 1.085
33 Fabricated Metals 0.919 0.699 1.127
34 Industrial Machinery 1.061 0.809 1.302
35 Computer Equipment 1.236 0.919 1.516
36 Electric Machinery 1.031 0.798 1.265
37 Aerospace 0.535 0.460 0.656
38 Motor Vehicles 1.011 0.745 1.240
39 Ship & Boat Building 0.756 0.692 0.928
40 Instruments 1.128 0.838 1.384
41 Other Manufacture 0.977 0.731 1.199
42 Hwy Construction 1.083 0.895 1.329
43 Other Construction 1.029 0.823 1.263
44 Railroad Transport 1.076 0.892 1.320
45 Local Transport 1.441 1.202 1.768
46 Trucking 1.261 1.009 1.547
47 US Post Service 1.529 1.359 1.876
48 Water Transport 1.014 0.795 1.244
49 Air Transport 1.039 0.838 1.275



50 Pipeline 1.486 0.974 1.824
51 Transport Services 1.279 1.128 1.569
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Table 4-12 (continued)
VALUE ADDED MULTIPLIERS UNDER ALTERNATIVE
SPECIFICATIONS, 1987
(dollar per dollar of output delivered to final demand)

Alternative State & Local
Consumption  Government

Industry Type Il Function Endogenous
52 Electric Companies 1.464 0.979 1.796
53 Gas Companies 0.380 0.313 0.466
54 Other Utilities 1.499 1.133 1.840
55 Communications 1.564 1.120 1.918
56 Wholesale Trade 1.518 1.129 1.862
57 Eating & Drinking 1.251 0.985 1.535
58 Other Retail Trade 1.419 1.112 1.741
59 FIRE 1.510 1.109 1.852
60 Business Services 1.398 1.142 1.715
61 Health Services 1.360 1.142 1.668
62 Other Services 1.555 1.284 1.908

Since input-output models cannot depicéxactly an economy's complex
reaction to any given change, inist possible to measutbe "true"impact of
a change in the economy. Thus, ihat possible tostate howmuch bias is
associated with agiven multiplier; that is, we cannotell how much
forecastingerror is etailed withthe use of given multiplier model. Table 4-
12 shows three sets ofultipliers, eachpurporting to estimate thdollar
change intotal regional value addeper dollar offinal demand delivered by
the industrynamed athe left. The firsset is a repeat of thigype Il value
added multipliers given in Table4-9, which follow the specification of
equation set (2). In contrast, the secamil third sets anealue added
multipliers based onother, thoughstill reasonable, input-outputodel
assumptions.

The second set of multipliers posits an alternative consumption function where
consumption is a linear function of personal incoateer tharvalue added.
Changes in personal income are in turn assumed to be equal only to changes in
labor income as a consequencehef increased production in the region. In
some ways, this model of consumption behavior is more reasonable than our
prior specification,since personal income is rmore immediatetrigger of
household spending than valagded. However, theill remains agap in
achieving an ideal formulation dhe output-income-consumptitinkage.

For instance, propertyncome is assumed to be unresponsive to an impact.
Yet, anyincreased activity ithe economy will increase the propdrtgome

of Washington residents in at leasto ways. First, an expansion in
production will mean increased incometiie non-labor factors of production,
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some of whichwill go into the pockets olocal residents.Second, greater
output will also entail higher employment and some in-migration into the
state, with migrants bringing with thenproperty income inthe form of
dividend, rent, and interest payments.

The third set of multipliers attempts to capture the effects of inciaesland

local government spending. In this formulation, re&urn to theoriginal
specification of household behavior; that is, state and local public expenditures
are a linear function of value addefissumingthat stateand local spending is
related to regional income isot unreasonable. The demand faublic
services has been found to $imilar in nature to thedemand for consumer
services and thus is predictable from househotdme levels. Another
researchfinding is that tax r@enues determine expenditures, and taxes are
also predictable from total income.

As shown in Table4-12, thevalue addedmultipliers with the alternative
consumption function are lower wralue thanthe Type limultipliers. The
average reduction is about 23 percent, but thecensiderable rangabout

the mean. For instance, the multiplier foShip andBoat Building declines

only 8 percentwhile the declinefor Forestry is 35 percent. The rankings of
multipliers(i.e., a measure of their relative values)as disturbed much with

the alternativespecification, although therare notable exceptions such as
Forestry whose ranking fell from first to 15. When state and local government
expenditures armade endogenous the input-output modedll multipliers
increase above their Type Il values by 22 percent. The mathematical structure
of the input-outputmodel accounts for this across-industry percentage
increase. Of coursehis does notalter multiplier values relative to one
another.

Multipliers reported inthis studyare applicable tathe Washington economy,

but not to its subdivisions. As a general rule stinallerthe economic region,

the greater will be the import propensities of producers and consumers, and
hence, thesmallerand less stableilwvbe the multipliers. There are reduction
techniques for estimatingultipliers from a national or state-level input-
output table, and such methods should be applied as circumstances warrant.

High multipliers are newessarilygood, and thomltipliers are not
necessarily bad. Whgomoting therelative benefits of alternatiyaojects,

it is often suggested that the development with the highest multiplier should be
promoted. This may not be thecase becausfl) results of thevaluation
generallydepend upon thikind of multiplierused--for instance, a projeeith

a high income multipliemay have dow employmenmultiplier; and (2)
relative costs--public investment, taxentives, capitatosts--of the proposed
developments are neglected. Also, sie of multiplierdepends upon the
scope of interactions incorporated in the moddlltipliers with households
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endogenous, for instance, wil be larger than thdsat exclude the
repercussions associated with household spending. Multighigrenclude
government spending or even investment spending reactions will be larger
still.

Multipliers and impact measuremem e only estimates of the anticipated
economic effects of an external change. Impawlysis is essentially a
forecasting exercise, and forecasts to a certain degree are bound to be wrong.
Inaccuracies in impa@nalysisoccur forany number ofeasons. Misuse of
models, model misspecificatiooutdated input-outputoefficientsare only

some reasonwhy analyses gawry. Analysts should also recognitteat
multipliers generated from static input-outportodelsare timeless. Market
adjustments, such as inventories, mdke time period before thefull
multiplier effects become operative quite uncertain.
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MS-Excel (4.0) documents

Inversel (83,561 bytes) Ready to print Appendix C table with C=f(GSP) and VA=f(
X)

Inverse 2 (83,517 bytes) Ready to print appendix D table with C=f(YP) and EARN=
f(X).

INVERSE 3 (388,090 bytes) File copy of I-R matrix and inverse matrix with calcu
lation of labor income, total jobs and wé&s jobs multipliers

RegCoefl (83,458 bytes) Ready to print appendix B table--regional requirements
or direct coefficients

SAMPLE (12,444 bytes) Sample survey questionnaire (lumber & wood products secto
r) of WAIO study for Appendix E

TRANSS87F (91,235 bytes) Ready to print appendix A table--gross flows or transac
tions table in millions of dollars
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APPENDIX A:
1987 WASHINGTON STATE INPUT-OUTPUT TABLE
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APPENDIX B:
1987 WASHINGTON STATE REGIONAL COEFFICIENTS
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APPENDIX D:
1987 WASHINGTON STATE INVERSE MATRIX (Type I1)
[C = f(YP), EARN = f(X)]

This total requirements table is an alternative inverse to that shown in Appendix
C. In this table, the induced consumption is driven by earnings rather than
value added, and the consumption coefficients are based on total personal
income. The U.S. Bureau of Economic Analysis estimated 1987 total personal
income for Washington State as $71,198.9 million. The output multipliers (bij)
are generally smaller than those of the value added model.
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APPENDIX C:
1987 WASHINGTON STATE INVERSE MATRIX (Type I1)
[C = f(GSP), VA = f(X)]

In this inverse table, induced consumption is driven by value added rather than
earnings. Each element in this matrix (bij) shows the output associated with a $1
change in the autonomous expenditures for the activity designated at the top of
the column. These consequences are commonly referred to as "ripple effects.”

Rows and columns 1 through 62 of the inverse matrix follow the usual industry
designations. Row 63 is the value added multiplier row, and column 63 is the
multiplier for autonomous personal consumption. Other Type Il multipliers--
total jobs (wage and salary and proprietor jobs), w&s (wage and salary) jobs,
and earnings--are listed in designated rows.

The elements of the 62 x 62 portions of the inverse are called output multipliers.
One can read the changes in the gross output of a designated row industry
associated with a change in the (non-PCE) final demand for output of the
designated column industry. Unlike the more useful value added multipliers,
there is extensive duplication in the output multipliers. These bij elements
actually measure the transactions that occur, and their magnitudes are
significantly affected by the accounting conventions utilized in the input-output
study.

Note that there are no aggregate output multipliers (column totals) because of
they are often a source of confusion and misunderstanding. Given the concepts
that lie behind each output measure, it does not make much economic sense to
combine, for instance, the shipments of pulp mills with the margins of the
insurance industry into an aggregate transactions measure.
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APPENDIX E:
SAMPLE SURVEY QUESTIONNAIRE
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