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1 1 1 ~ 2 , 38 P.I . )4 19) (December

lit • h ec , Order 11514 ,
a nd Abatement of Envi ronme nt a L

f.IlHAIICE"lflCTS TO THE ErotiOMIC
I ~ PACT PORECAS T SYSTEM (EIFS)

I 1lfn00UCTI0N

hci<& u ulld

Fo tl ow' ng t he p..sage of t he lI<l1 t i ond Envi roru!le nta l Pot ic y Act ( II EPA)I ,n
1 9 ~9 . two e Ie t ytive o rde r. 2 e .tabli shed t hat at l Pede ra t age nc ie s mys t aSles.
the envi r onmental impacts of their .... jor prog ra" " and at tion• • as ..e l t a. pro
v ide leader lh ip i n env i r onment a l protec tion . 8ecau.e of HEPA' . reqyi rement
for a •• ,... i ng any impac r. on the "qua li t y of human env ironment, " much di.cu l
li on ha. lurrounded the Que. ti on o t whether thi s ~an da l e eXlends to t he .oci a l
and econom ic i mpac t. o f progr lm. an d ac t ' onl . Hany courtl have dec ided t ha t
i n pre par ing Envi ron~ntat I mpac t St ate~ntl (EI Ss) , adequat e a••e••ment o f
. ociat a nd economic i mpact. i. a' i.port a nt a . a.lel.eent o f biophY"ca l
i_ ?<Iet ••

I n t he pa.t , r eQui re-ent l l uc h a' the ease Study Ju.t i f'c at ioo f o lder
(CSJf ) doc umentat i on (or De?<lrt~n t of t he A.-y ( Doll) realil~nt a c t ions pro
vided fo r t he i den t ific a tion of potent i al econ~ic i . pa c t l and con .i de r at ion
of the. e i_?<Ic t. in t he decilion-..K ing proce. o. ~re r ec ent l y , De pa r t eent of
Def en. e (DOD) gu idel i ne. bave enc ouraged a un i fo .. . ppro.~h t o socioecon~ic

i _ ?<Ic t a ••e • ..,.nt , 00 tha t . 11 DOD .aenc ' e ...y benefit fr~ a . ys tem.tic
a pproa ch a nd un'fo.. docwment.t i on . Th. need for un i fo ..i t y . tem. , , n p.rt,
fr... the un iq ue ne• • and geolr.phi c d ,. tribut i on o f DOD i ll. t a l t at ion. , t heir
e ffect. on l oca L economi e l , a nd t he co-plIO . it, of probl e• • a••oc i a t ed .. ith
dete rm in ing tbe .oc i at and ec onomic ' mpl i c a t i on. of DOD rea t ignment acti on• •

t o add r e.. tbe ne" d fo r a s yste",a t i c approa c h t o loci oec onomic
•••e....ent . Doll . wi t h cooperation Ind . uppor t fr om the Department of the Ai r
Porce (USAF) . ha . deve toped the Economi c Impact For eca l t Sys t em (EIFS) .3 wh i ch
providel i nfo r .... t i on usefut f Or catc ut a t i ng .ocial and e cono mic change l caused
by DOD a c t ionl . Thi . compyt e ri zed . , .t em i l de. igned t o b~ a user-oriented ,
i nes pen l ive , and I Yltematic a pproach t o "",eting NEPA re quir~nt . . Since i t.
i nc e pt ;on and i.plemen ta t i on with; n the Envi ronmen tal Tec hnic<llt l n fo r..tion

1Ma t iona l ! nv i ronmenta , Poli c l Act of 1910 , 83 Stat 8~2 , 42USCS4321, lO t .eq .
(Janua r y 1910 ).

2protect i on and !nba nce.en t o f Envi ronmen t al
35 P .R . ~a rch 5 , 19 10 ; Pre ve nt l on , Cont ro l

,



Sy.t~ (grI S) . 4 DOD u.~r. ~av~ ~.pre••ed a n~ed [ or mor~ lop~i. (i cat~d
e cono-'c modeLi ng ca pa b 'l ' t 'e. ~ i t h ' n EIFS. The i r ne ed l include . uOC ount y
t oreca . t ,n~ procedure l . i ndultry-Ipecifi c re g ' ona l -ult ipli e r l . and econ~'c

-ode li ng capabi l i t ,el for are a l ~ i t~ uni que ecOn~. c and de~grap~ i c

" t ut tionl .

The objective of th i s r e pon .1 to doc..-en t the _t ho<lo l o•••• ,"", h ' nd t~e

develo~nt a t t hr ee .n~anc_nn to EIFS (Venion I .G ) : the Bur eau of Reel a
.... t ion ~cono-ic An alYl i l '1o<1 e l (BRF.AIII) . the ie, i ona l Indultti al ~u l t i p l i e r

Sr.t ... ( II ~S) . and t~e Defen.e Loci l ti c l ARenc y ( DLA ) ~plor-ent Impact SYI-
t .... The add i t ion 01 t hele co nce ptI a l par t of EIFS ~ i l l e nlure t hat DOD
pl,,,ne n have acce. 1 t o " lt a t e 01 t he a tl " econo-ic an, lyl ' " proce du re'
throu&~ griS .

" pprotch

The U.S . " r~y Con . t r uct ' on Enginee r ing Re.e arch Labo ra t ory (CERL)
reviewed le ' e r a l economi c • ••e.....' n t met hodo logie. and ev a lualed t hem re l a t ive
to t h ~ n~eds and co nn rai nt l of ooD pl annen . 8R EAM. RI i'l5. lInd t he 01."
EmpLoymen t Impac t Sys tem ~ere .e l ec t ed for i nc l us i on wi t h E1F5 a nd are
e apl ,i ne d and documented i n t h is re por t.

Th," repor t I S i nt e nded a ' a re fe rence gu'd~ • • dd re l . inR the tech n ical
doc~nta ti on o f t he t l go r i t h.l . economi c met hodo l og ie l . and d. t.b.sel f or
t ~" I ' three I yate• •• It doe . nOt i "e1ud. pr 'ncipl e. o f , nn ract ive c_ put i ng .
ope ration o f co-pute r t e~ina l • • Or u se r i n.t ruct ion. . The repor t i l de s igned
. , a t echn ic. I eaplanat ion of t ~. t heo reti cal i • •ue ••nd empi r ica l procedu r es
Included wi t h i n t he ne w c ompon. nt , of EIFS.

Bec.u.e EIFS i • • n . vo lvi n• • y. t ... . new f e atu r e . and i .p rov~n t • • re
co"'tant ly being .dded. A. t h. y are adde d • • nnouncement . v i ll be documen t ed
by 'ylte• .el.as e . . Whe n impl .....n ted • •up pl .....nt. 1 u,.r , uidel an4 ..nat l .
~il l be ~r i tt en .

It i . reca.mende4 th. t th~ i n fo rmat ion in thi, r e por t be 4 i l ' emi nated
t hrough t he r~v i . i on o f Depa r t ..." t o f the A..y Pamph l e t 200- 2 . Th~ Econa. i c
I ~p.c t Forec• • t Sr.tes: De. c r i pt i on and Use r I nlt r uction. . Concu r r ent vi th
t he re v i l i on. ~.i . t i n. comput e r Iy.t~m doc ument . ti on of t h~ ElrS mode l ~ , I l b~

a l t e r ed t o c onf orm to Ve r . ion J . O.

4R. O. ~ eb l t e r . et a l •• Deve l opment of the Environmental Technical Infor -
mati on 51lt em. I nt e r i m Repor t £ - ~2/ADA00 96 68 (CERL, 1975) .

8



1 BUREAU OF R£Cl.AIUoTION ECOIiOI'IIC
ASSESS~f.NT ~OEL (eRE~~)

Introduc t i on

Thil section provides a technical de scr i pt i on of the econ~ic s nd de.c
Rraph i c a ••esl~ent ~del developed for the B.. re ... of Re c l . ma t i on by ~ oun t. i n

OIe s t Re . e.rch, Inc. It il a ..Ullled the reader ha ••0.... fAmil i.r ity " ' th t he
d i.c.... ion of .ethodoloRicat i ••ue. Ind r e com.e nded procedu rel o..tli ne d i n the
Econ~ic/~molrlphic AlleSI~nt ~In..al .& The d i l c .. . . i on e...i nes (he logica l
under p inn i ng. of BREAM 10 the st ructu re o f the .ade l c an ~ ..nde r. tood by peo
pl e " it h . ome t raininR in sociorcono~ic .n.l ys i. t ec hniques . A l e condl r y pur
pose i. to di.c.... the .trenRthl Ind ~a~ne.sel of the .ade l Iga ,nl t c~peti ng

.... thod • ••nd (0 provi.Je the ..ur "ith the in fo ....ti on needed to ""e t ile .ade!
e Hectively i n Vi.,,,... Ippl ,clt ,ons.

The ove rlll Objective of the ~del in il re .el rc h pe r for_ed for t he S.. rel "
of leclamation "as to deve lop an ope rational too l t hlt can ~ uled to I na l yze
t he inte rlction of econ~ic .nd demogrlph'c Ictivity . bot h " ith Ind " i t ho.. t
va rio... ".te r resource devela~nt projects. Two import ant c r i te r i a fo r the
develo pment 01 t he model we re (1) tha t i t . I t r uct ure be rel at ively l i mp l e to
~derl t and . and (2) t h.t it be a b l e to serve I. an ove r lll frlMeWOr~ t o wh i c h
ref i newen t s could be added . The refore . the .adel "a . con. t ructed in • ~d ..l. r
f r .....VQr~ .0 e.i.t ing element I can be ~i f ied and ..pda t ed I ' . dv.nce..,nt. I re
made.

8RE~~ Can belt be categor ized I' In econa.ic/demog raphic s i . .. lat i on ~el

that ana l yoe . the i.plication. of dif fe rent •• I Ullled i nput. f or. re gi on ' .
pop.. la t ' on. employ-ert, Ind i ncome. The roo t of t hi. t ype o f model can be
tr lced to ,he SUlque hanna Rive r ~a . in Kode l devel oped by B8t t e l l e Memo r i . l
Inlt itute. The Su.quellanna !lode l " IS t ile f i rlt to r ecoiln i ze both t he
in terdependency and the need for con.iltenc y ~t"een the e cono. ic .nd
deaoA r l pll ic .ector. . The concepts deve loped in t hl' e a r ly model fo rwed the
b.si. for An ecanamicldemogr8 ph ic model deve l oped fo r San Die Ro , CA. By t he
~ i d-1910s . t h i s clA's of mode l . " 81 becoming bette r ~n o,," I nd "I ' beinR
Idopt ed by seve ral Itate. to produce county-level eraploy.ent Ind popu la t i on
pr o jec t i on s for g.ne~ll pl.nninl purpo.e.. for e . ..ple . UPEO ( Uta ll Proc e••

~ Thil ch.p te r i . t 8Ken f ram the t ech n i cal descri pt ion of BREAM . J . A.
Clla l.er. , et . 1., Bure.u o f Reclamat ion Ec ona. i c A• •e . sment Mode l ( BREAM ) :
Yechnical ~scription and User ', Cui de (U. S. I~rea" of Rec la..t ; on, J~ly

l'JII ).
6J• A. Ch. l ~r. 8nd E. J . Anderlon . Economic/Demog ra phi c As s e••mrnt Mlnua !

(U.S. B"re." of Re c llm. t i on . Novprabe r 1'Jl 1) .
'H . R. Hami lton . e t al., SYlte"s Si-.. lltion fo r Re g i onl l Anll y. i .; An
Appl ication to Rl ver- a' l i n Planninl . The MIT Pr e l .: c.. brl dl e , ~ (1 9&9) .

STec hn i ca l U.er 'l Man,,11 fo r the In terac t ive Po u l .t ion/~ 10 nt Foreca.t i n
:ol ode l {San Die go C"mp rehen. ive Planni ng OrgAn, u ti on , 19 / 2 •

s



"can_ lc f 0.'''''11~ .ph i c ~od., I ) . nd ~: lIP~ ( "r 1 '.ana F.conOlll i c f 0"9'11r. ph ic
P ra l~ct l an ~odel l ~ rc d~~" l o p., d al ~baut t he same t i m<' .

~a s t ecana.'cfde.a~r.ph .c sl.ul at ;an ~de l s ha~e a sl.il a r st r uct u re
buil t a roun d t h re e . ubmodels . "d~gra ph ; c . u~e l a ccOun t . to r popul a t i oo
cha racteris t ,cs . uc h a. b' r lhs . d..a t hs. and th.. age ' ~ .. . ca.posit'on ot t he
a re •• The s uppl y of l a bor i . d.. t e..ined f ra. I , bor fo rce p.rti ci~t ion r . te .
a nd th .. " sur~ i ~e d " popul uion f ra. t he d.._sraph i c . u_e l . An . cDna.'c
I .._ e l de t ....i ne. labor d....nd d..r i~..d f r a. e.t i .. t ... of tat .1 ~playment .

A I . bor ..rk .. t .u~ .. l th..n r ec onc i l e . -adel 'e .t;.. tes of I . bor luppl y and
labor de_ nd . Labo r .. r o.e t i... I.ncel tr i ltlter e i the r i n- Or out -.i ,lr .tian
f r a. the are' . Once l a bo r ..r "e t eq uili br i a. is achie~.d . e. plar-ent 
.i,lration is compler ed . the procel' resu l ts i n pro je c t i an l of empla~nt .

i nc .... . and population i n wtl i c h t he la bor force a ssac i u ed " i t h the pop ul a ti on
.Iti..te i . con,i,te nt " ' t h the e.pla~nl es ti.at e [rom the economic
s ut.odel.

Al t hOUllh 8R f.k~ ha s ' his . ame lIene rsl st r uctu re . t he th ree co re s ubmodel s
ha .,e been ~e f ined eX{ensi~el y . In add i t i on, B /I[k~ incl udes t ..... ot he r .u_ d
e ll. A canl t ruc t ion '... r ke r ' '' broode l ha s been a dde d to a nal y1." t he conH ~uc 

tion pe r iod implct. 0 1 I l rKe pro j.,c t . wtlo . e la bor re qu ire"", nt . u c..ed l ocal
. uppl" Thi ••ublnodel d" al. e . plic it l y wi th ,"sumpri on. co nce rn ing t he
mo .,p r l nonmn~er compo. it i on of t he "o~k f o r ce Bnd t he co mmunit y al loca ti on o f
t he mo""r • • A co..""nit y al loca t io rl HLl hroo d" l h.,~~ '1 110 be"11 "dd ,·d to ~Rt:A!'I.

Thi . oubmade l t ake. co unt y- le ve l popul alion e.ti mat ... and all ocatel them to
comm un i t ie. ( or r ural a rea. ) w;thirl a county . Eaoh of t he f ive oubmodel . af
8R!~ il s umma rized below a nd il dep i ct ed i n Pigur e I,

The d~graphic s ubmod.. l u ."S bot h v i t . l r a t ..1 and co hort -. peci f ic , ba se
ye a r popul ation 10 co. put e t he e lfect of death. a nd bi r t hl on tbe e _i , ting
county populat ion . Pur t h.. r ad jus t _ nt l a re mad.. i n t h.. d"""' ltraphic l ublnode l
i f t he r e a re subpo pulationl wi t h d i l tinct d..mog raph i c cha r ac t .. r i lti cs. o ~ i f
the re i s _i,l ra t i on into or out 0 1 the I rea re l at ..d 10 fa c t ors i ndepend..nt o f
10c I I l a bor ma r ke t con ditionl (e . It• • re t ir.....nt . 'gr a t i on l.

TIle conlt r ..c l ion wo r .e r lu_el .... r ~ u.ed ..lIen."e r a lar lte
con ll ruction projec t is be inlt conli de r e d for wtl i c h the de..nd l or l a bor
e _ceed. t he l a bo r l upp l r a"a ilable locall y . Once t he project ', eanpo.... r
r e qu i r .....nts ha ve been s peci fied . th .. submodel anat yoe. u,er i nputs t o
est ahli.h t he re s id en t i a l l oca t i on and demograph i c cha rac tpris t ic. of t he
const ruc tion worker s and t he ' r de pendent ' .

9Repo rt on the Dev e L0 r-ent o f t he Ut a h Proces s ( Ut ah St a te Plann ing
Coo rd i nato r , 19 72) ; Delc ri t ie " and Techni oaL De. c r l tien of t he ! conomi c l
Demograph i c Pr ojec t i on Mode l " ~Iz ona Off ice of Economi c Pl ann inll .nd
n" "" l opm"n t , 1977) .
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Th....conomic submod.. l i s ~ppropri~t .. l y classili ed ~s an .. . port to.se-.:lel
th.. t jointly dete rmInes t h.. leve l of inc<)a\f! I nd _plo~nt . ~.ic ..conomi c
..ctiv,ty and .. . te rnally dete~Ined lnc~ co-pon..nts a re ap.. ~ ifi ..d by the
U'''r. Tot a l e~ono-i~ a~t iv i ty i. Ih..n de te...ined as ~ fun~tion o f : (1) to.s i c
I ..bor income de r ;v..d f ro- th.. pr o je cl i on. of basic emplOymO'nt and ..v.. raK"
.... r n i njts. (2) nonbasic ;nc.- due ...in..d by a set of indust ry- and Ir.... 
.pecific ..quat ions t tla t r .. l a'e nonba.ic e.plo~nt to total pe r.on.. l inc_ .
and rn nonlabor incoee . The .i..llan..ou. d.. ter",inat;on 01 inc_ and ...ptoy
_nt d.. p..nd. prillarily on th.. buic ...pLor-nt projectionl .pec if ied by the
u... r .

An i.port ant innovation in t h.. econom ic s ubmod.. 1 o f BRF~ i. that it
.. . plic.tl y accounts fo r intercount y t rade r e la ti on. h i p.. For " ,"mpL .. .
i nc r ..ased basic e.pl o~nt in a sm.l l count y wi Ll sti~l at ....mpLo~nt and
i nco-.. in a larler cou nt y that sprves a s t h" regiona l trad.. and ... rvic .. c ..nt .. r
fo r t he ..... 11 count y . Becau.e BB EAM deals "ittl Ih.. . .. . .. lat;ons hi p• • i l can be
u.ed for bot h si n ~l .. and mult icounty probl em• .

The popu l at i on ca lc u lated In th .. d,,",ol\raph; c s ubmod.' l .."d th" total
emplo yment e.ti mate ca lc u la ted in t he ec onomi c . u~od .. l a re ev a l ua t ed for con
.i. te"c y in the labo r mark.. t l urnnodel . The loca l l y avai l abl e . upp l y of l abor
il calcu l a t ..d by applying age- and I .. . - . pec lf ic l.bor f orce pa rt ic i pa tion
r at e a to the resident popul ation . Labo r demand ( number ot p.. r l on l, pl ace of
r e a i d..nc e bas is) is e.tillat ed by adju.t i ng tot a l ..mp l Orm"nl ( nu",be r of jobs ,
pl a c.. of work ba.i.) for mul t i pl e j ob ho l d in~ and comm~ti nl' I f t he l a bor
.upply i . in balance with th.. labor d....nd , no l u r t he r ad j u.t~nt . a re made to
t h.. population , ""ploY""'n t . or ;nco.... project ion s at t he county l ..v.. L, .nd Ihe
model t hen prOl r ..s .... to t h.. co...unit y .ILoc.tion procea •• How..ve r , if th .. re
ia . n imbelance in th...up ply en d dem. nd fo r l a bo r . in- Or out -.i l rltion ia
•••~d to oCCur until I h.. imba l ance ia .. I i mina t ..d .

Once ..quili bri .... in the local t abo r ..r~et i ....tabli.h..d. county t ota l .
for pDl"'lation , t'mplo,..ent . and inco-.. a re f i.ed . and the pol"'lnion ia '1 110
cet ..d to c~niti ..s wi t hi n ..ach co~nt y. Schoo l-all." pol"'la t;on fo r ..a ch co-
..n i l , i ••1.0 det ..~in..d , and the i.pl ied n~ber of houlehoLds i. estimat ed .
The pop~lation is a l l oc.t..d b, compone nt of popuL. tion chenle whi ch . l low s
d ifferential allocat ion ac h_a for ne t ure l i n<: r ..ase ( bir t ha .i n... . deat hs ) .
re tir ..ment . ilral i on . ..mpl o,.ent -rel at ed mig ra tion . a nd conatruc tion work e r
.igration .

The rema i nde r of t h is cha pt e r e ~ amine. each of the fiv.. ,ubmodeL. i n
deta il. Par t i c ular a tt ention i. g i ven to t he ove rall l og ic and til" ..",pir icaL
re lat i on. hi pl us ed ; n each c omponen t . Fo llowing th is di l cu s . i on , I l ection on
t he .t r enKt hl and weakne l s e s of BR(AM i l included t o g i v.. th .. ua e r a bett .. .
und er.tand ing of the model .

I ,
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BEGINNING OF PERIOD POPUL ATION BY AGE
AND SEX

SUBTRACT SPECIAL POPUL ATIONS
(•.9., Con."ucl ion Work e, . , Noll• •
A"'.'lco"" Un..., . ,ly Stud.n' PQp ulOl lotl )

ADJUST SPECIAL

....PPLy AGE/SEX - SPECIFIC SURVIV.... L
POPULATIONS

AND FERTILI T Y RATES FOR GE NERAL
FOR BIRTHS AND

POf'ULATION
O.fATHS

SlJRVIVED POPULATI ON AT END OF PERIODS
BEFORE MIGRATION

ADJUST POPULATION FOR MIGRATION
NOT RELATE D TO E MPLDYMENT (e Q.,
EDUCATION, RETIREMENT)

/ <,
LABOR ADJ UST POPULATI ON FOR
MARKET EMPLOYME NT RELATED
SU8 MODEL MIGRATION

-,

"CONsTRUCTKlN ADJUST POPUL ATION FOR
WORKER CONSTRUCTION WORKER
SU8MODEL "' IGRATION

-,

TOTAL RESIDENT POPULAT ION AT END
OF PERIOD BY AGE AND SEX

figur e 2. Demographi c s u bmo del o f BRf.A.'1.
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The f irst Uep 1n the proceu is to det e r . , ne tl'le n.... boo r 01 deaths thl t .. i ll
OCcur in each I~e group . This i s dune by _I t' plyi ng th.. n.... ber of perlons in
e ach a~e and ,eK catelo ry by t he co r respond in. dea t h r a t e fo r t ha t , rou p. 8y
subt r act,nc the deathl f r~ the popul lt i on i n each IrouP . t he numbe r o f people
..ho .. il l surv ive to the ne It &~e g roup i l e .t i~ t td. Thus . t he numbe r of 26
yea r-old maLes t h is yel r i , eq ual to the nu. be r ot 2~ -ye l r-old .. Ie s .i nul the
nu.be r ..ho a re eKpect ed to d ie blsed On t he de ath pro ba biliti es .

The ne xt .t e p ' n t he coho r t-. u r vi v~ L proc e•• i, to determine the number
of l i ve bi rLh, e Ipec ted to oc c ur in the coun Ly oyer the yea r . Pertil it y
ra tel . by ale o f mOt he r. are multip l ied by t he number o f f emales in el ch
c ohor t. I nd t he n thp tota l b irth s I re elt 'mat ed by l um.in ~ .I L t he rel evant
f_l e "ohort • • Totd b' rths a r e t hen d i vi ded in t o ..oI e l and femate • • nd
included " . the f irst coho rts of t he s ur v 'ved popu la t i on . If speci lL
su bpopulations hive been i de nt i f ied. deat h. and bi r ths a re cl l cul at ed i n t he
.~ "nner .s fo r the ~ener.L popu l . tion . eI cept t hlt vitll ra t e l re levant t o
the I"bpopulltion are u,~. The l e ell cuI It ion. yi e ld .n esti..t e of t he
.urvived pop.. Lation .t the end of the per iod pr i or t o con li de r.tion of
_ i ant ion.

~ i& r. t i on in SRlAM i . one o f t he t h ree gener. 1 t ype s i dent i f ,ed a bove .
There ,. milr.tion nO t re l . t ed t o e~plor-en t (e .g. , re t i r e...nt mi~r.t ion) ,

there is employment· in duced migr.ti on (a. d e t er~i ned by a compar ilon of the
. uppl y 0 1 dnd deman d fo r labor in t he labor mar~et s ubmode l ) , a nd there m.y be
t he mi gr a t i on of con l t r ue t i on ..or~er . and t hei r dependen t . a ' de t e rmin ed i n
t he conltruet;on ..orke r l ubmode l . Addit ion uf t he net mig ration fl o,, " t o t he
.urvived popu l a t i on yiel ds a n esti mat e of the t otl l re l , den t popu lati on o f an
area at t he end of t he pe riod by a s e and .ex .

The Ige and Ie_ info~.. tion req u ired for the pop" l l t ion dltl causes a
consi.tency p~oble4 be{~en the deao l r l ph ic and econa. i c s ubmode l . . The
i ncon.istency OCCur. bec....e t he det . i l ed popula ti on dati I re uluall y
ava ilable onl y fro. the Ii t est cen.u. o f t he popu lat i on . Ko..e ver , t he
e cooomic d. t a ' re t yp ici l ly -O~e "urren t . Thu • • the I . tes t det a i l ed
popu lat ion da t i av. i l a ble -ay be fo r 1910...h i le t he e cooo_ i t d. t . are l or a
I . t e r year . [t i. i .. p.at aot tha t bot h da ta .ets a re fo r t he .a"'" year ..hen
BR~AM bp~ in . to fore cast e conomic and demo:raphic ac tiv i ty. II benc hmark ing
procedure i. used t o mo ve the population da t a f r om t he c ensu ~ yea r to the l a . t
dat a yea r opec i fi ed by the u.er. The last da ti ye ar i l defined a ' t he y ea~

prior to the fir s t 10re Ca . t yel~.

ror e ac h yea r t hlt the demogrlph ic dati mus t be -oved l or.. . rd. a coho rt
s ur vival proceu i. u.ed to est i ... t e t he ...rv ived populat ion. If t he o"'ber
of I c tuI I bi rth. i s known. tha t fi,ure i. entered f or the fi r.t c oho r t r l t he r
than uti nl tbe esti.at e ba s ed on t he fe rt i l i ty ratal . The fina l s t ap is to
adjus t t he . urv ived population t o the popula t i on eitilllt e t hat i l . upplied by
the ... e r. The rati o of the popu l.t ion elt illlte to the to t l l s urvived popul.
t i on is ...e d t o .d ju . t the ind i vidu. l Ige a nd .e_ co hort. proport i onally .

II major modif icat i on to the t r ad i ti ona l tOhort - . urvival prOte ll t ha t has
been i nco rpor at ed int o t he RRF.A!'l d..mog ra ph i c . ubmodel il an a ct ount i ng fo r

"



c.. rui n ~p"c; 1I1 popu h l iotl ~ Ihllf .~ , I>t' In th.. a r" ... fh" _H . i Rn d; c an t .. . ..
of t h is fe ..ta'" i. fo r a, ,,•• i n ~h ; c h th~'r .o r" a re l ..t'vel , la r (" n..-be r ot
n. lL v" _ rican. i n th" POp"l ~l,on . S, nc .. ,h I. o:roup ol' ..n h.n II d oll e r en<
4l1,e / . e. Hr"ct a re .nd d i U e r ..n' v,t lll '11 ''' ' . ha n ,he , .. H o t t he pol',,1 4,ion .
i , .. de~ i r ll bl .. to Ana lyze th ,'m ~"I"" "L .. l y. Ho" ..v.. r, 1l s hou l d be not ed , b.. t
.p..c i.l pop" l.t i ons "a"l d or d i na " l y be ,nt ro duced onl y i t tb , ..e e ,i t .. ,i a .ne
m..t: (I) the . ppci ,,1 popul ",ion i . a . i ...nif i, ..n, p' opon i on of !he lIen .. , ..1
popul. t i on (JO p.."ent "",y be a r ....so nab l e ' u l .. of thumb). 0) vi t a l r at e . and
the a..e/s... sL r"e t"re 01 th.. . pec ; ..1 popul At ; on a re si Knifi c an,l, d i ffer..n'
fr~ the Rene,,,1 pop"I"t ;on , and (l ) _ i(r.. tion is nn t ..n i_po" ..nt lo"rc .. 01
eh.snle i n the .i.e of the sp..c i,,1 popal .. tion . Th.. I ... t crit .. r i on i . n..c.. . . l r '
bec ..use BREAM clnnot pr.....nt l ' e.,i~t e ...pl oymen' - i nduc ..d .il1,rl tion for spe
cill popul"tions , nO r i. ;t po.. ; b le for the u.e r to s\M!'ci f y con.. ruct;on
"Or ke r . i g r" t i on or .i~r.. tion not re la t ed to ..mp lo~nt fo r ~p"ci ll 1'01',, 1..
tion • • Th,,~ , th.. pri ncip,,1 "ppl ;c.. t i on of th is 0l'tlon 's 10 .i tu", ion. i n
""'i ch I ~peei ,,1 I'ol'ul ",ion h". d iHinc, de_ Rn l'h ic ch" ract"ri. tic . ..nd is
, .. l"t iv.. l y immobil .. .

BREAI" a ' CO'IOI.• for t"o ol he r ki nd . of ' V..cial 1'0l'uLations : "niv.. r . i t y
. t" d~ntl aod conHruc t io n "orke r • • I n both of the." ca . .. . . t h,' a ~ .. I . ..~ ot r uc
tu r .. of th.. ~roup remain. r elative l , consta nt ~cau '" of t urnove r i n t he
group. I'or e ....ple. area . "i t h .. l arRe uni "e r.i t y h" "e I r .. I"1 ; "el y l a r R"
pr o!'", t i on 01 their pOpul"l i on in th.. 18- 10 22-yelr - old .oR" g ro" l' .

I I this l1,roup i. no l Icco"nted for II ••pec;1 1 pa pul ltion , the bul«e ; n
the r... id..nt populltion wi l t I ge and .Iowl , .a"e t hro" l1,h the age groups . To
I', e yent t hi~ fra. hal'penin l1" t he colle g.. -re l. t ed popa l" t i on i. , e.ayed f , a.
t he re . ide nt popul ati on be fore t h.. coho rt -.u rviva l proc.. . ~ i . begun . Once
bi r ths Ind d.... th. ar .. c.. le" l l ted , t h.. . p..c i al 1'01'" la t ; on i~ added ~ck. I n
..f f ..c t , t h i. keel'S the a~e/se . d is tr ibuti on of Ih.. coll e Re pCl'ul . t ; on con
stant.

Con.truction "Orke r • ..no I re t e. pora ri l y l oca , ..d i n a n .. re a t o "Or k on •
Ilrg.. pro jec, I re Ilso ;nc o, porlt ..d i n BREAK I ' a . peci"l popu l l t i on. SLnc"
th.. d~.agr l l'h ic ch" rlct .. r i. tics o f t his groul' d i ff .. r signif iClntl , f ra. tho••
01 , h" «enerll !'Opall tion Ind th.. a l1,e d i .t ,i but i on of t his gro" p dOe' not
chln l1,'" they I re trelted ." pllrltel , fro- the r .. . id..nt popuillioni . nd I r e not
; ncl ude d Ln th.. cohor t -su'YiyaL I'roc n,e re fo r .. . Ih.. d"""' l1, r l phic n r"c''''''
o f th" con.truct ;on wo rk e , 1'D1'"I .t ;on r in~ con. tant.

An i mpo r t l nt co ns i d.. ra t i on i n the p roj~etion of dl' mURraphi c cha r ac t .. ri. 
t ic . il f ut ur e c b..n~ ..s i n vital r at ..s (fertility and d..l t h ra te .l. The ' ''0
bu; c question l Ir'" (I ) how wil l ler t i l i t , and mort lli" cha r acte r i.ti c s
c hl nge n. t i on.l l, a s va l"... lInd ..ttitude. cha nge . nd I S m..d ici l tec hnol og,
i_ l'rov.. . 1 . lInd ( 2) how wi l l reg ion,, 1 v i t . l r i les ch"ng.. r .. l l l i ve to the
n.. t i onlt t r ..nd . !

Th.. re .o r .. u'ua ll , d ;f fe , ..nc ..s between l oc .. l ( .. ithe r count , o r St . t e) I nd
n"tion.1 vi t.l ,.t es. f.d"el t ; on , acce•• to ~dic,,1 c" re . r .. ligioa. be l ie f s ,
a nd va ri ou s env iron~nl a l i ••ue • .o r .. al l 1'D•• i bl e " 51'1" ".t ion . fo r t he d i ff ..r
en e.... The r ..fo r... once n.. t i onal ra te. h" ve bee " I'r o j ..ct ..d . th .. q" e ' lion
bec ome. wheth.. r t h... e dif f e r ..nc e s wil l d imin i.h , rema i n th...amv, or incr......
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Ove~ t ie. . To aCCOun t f o~ these po"li bi l; ti e " , BREAK inco ~po ~.t el va ~ious

opt ions that the ~ .e~ can seLect to det e~.ine t he a~ea-.pec i f i c vital ~at e.

du ~ inl t he p~ojection pe~iod. The fi~.t opt ion il to kee p t he ra t e . constant
a t t he vaLues ente~ed fo r tile base yea~. Si nc e national fert i Li ty and dea t h
ra tes a~e p~ojec ted t o decli ne , tll is opt ion v i ii rel ult i n an increa . ing gap
if t he a re. ra tes a re above til e nat i onal rate• • or in a dimi n i .h in~ gap if the
~atu a r e below th.. na t ional rates . The .econd option i. to alt ow the ar .....
I peci fic ~a t e l to cha nKe At t he I . me r a te a . t ile nat i on ... 1 ~ ... tel ... hi ch. in
e Hect . pre .er ve . t he Ka p be t ....,en the two n re La ti ve t e~.s. The tll i ~d option
i. t o a llow tile a~ea-specific r. t es to conve r ge to tile p~oje c led nationa l
~.u·. by t he yea r 2000 . If e i the r tile lecond o ~ tllird option is c llos en fo~

fe rtili ty ra t es. tile use~ ~st . Iso specif y which of tll~"e nation.1 fe~t i li t y

~.t. p~ojectionl ... ill be uled to adj ult the a ~ea ~a t e l . The th ree p~ojeetion

series ~ep~esent total bi ~ths pe r fe.a le o f 2. &. 2. 0 . and I . ~ . ~elpect iveL y.

~mpLoyment -i n d uce d mig~at ion 1 1 det e~mined in t he labo~ marke t .ubmode l,
... nd cons t ruction wo~ke~ mi~~ation i s dete~min ..d in t he con l t r uc tion ...o ~ ke~
s ubmodel . E... cll is d ilcu . s ed i n more det ... i l belo... i n t he cont es t o f t he l ub
DOdel in whi ch they ....e de t e~.i ned. ~igr.t i on unrel at ed t o ~ployment i. the
th ird type of . i l ~ at ion a cc ounted fo~ by BREk~.

The p~i.. ry t ype of non~plo,...n t -~" I ated .i,ration tha t h.s been iocor 
po ~ated in IlR EAI'I is re tire_nt .i l ~ation. The u ..~ ...st oped f y t he l e vel o f
~etir.....nt-.e l.ted mi g'a ti on e s peeted t o oecu~ io the a~ea. Thi s ,~oup

i ncludes pe r sonl ~o yea~ . of .~e and ol de~ . The u.e~ ~It a l l o , pee ify how
tbe ~et i.eeent m; ~ ret i~n i . t o be a lloe ete d amonX t ile ~ e l ev.nt ale g~oups.

"'no the~ t ypl' of nonempl oyment -related mig r.tion i ncl uded i n the model . 1

the out -migr.t i on of pe~.on . a~e d 11 . nd 18 ye ... r. o l d f ~ om the . r e~ in
~espon l e to the educa t ional o~ mi li ta~y oppo ~ t un' tie s tha t f ol io ... g~aduat i on

f~om high .chool . These a~e ente~ed a' the p ~opo~t, on o f each age / ,e ~ g~ou p

t hat i s e~pected to leave the a~e. l'ac h yea ~. Cener,l ly . t his adju. tment i'
onl y .....~ .ntl'd i n a ~e.1 tha t he ve no ' n. t i tu tion o f h ,gh l'~ educat; oo .

Conlt ruction Work.~ Su~de l

~ i.po~tant ule o f eRE~ IS t o a naL y~e the econo. 'e a nd demogr.ph ic
i mp li c.tionl of ... jo~ c onstruc t ion p~o j ec ts . C~it ie , 1 to th i l analysi s i . t he
dete~mina ti on o f t he like ly l ou rce of the c o n l t ~uct ion wo~k force . t he rel i ·
denti.l l oc a t i ons cho l e n by th.. wo~ker s who move in o ~ d e r to ...o r k on t he proj 
ee t • • nd the numb..~ o f dependen t I who Ae e o. pa ny the move. I .- ei ven t h i l
in fo~t ion . t he con.t ~uc t i on YO~ke. s ubmodel i . ab le t o p~ovi de ne ce • •• ~ y

d. t e on the li'e of the increa . e i n ba . i c i nea.e t o the e cona-, e .ubmode l .
The ove ~el l It ~uctu re o f t he .ubGodel is Ihown i n figure l.

'Move~ s (a l s o refer~ec t o a s nonl oeal sl a re t hos e yorke~ . who h.ve changed
their place of ~e. idence (du ring t he ...ork week) in o rde~ t o work on s
p~oj ..c t .
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Th~ ~v~ ~/nonmov~~ composition 0 1 bOt h th~ cOnst ~uction wo~~ fo~c~ and
th~ dist~ibution of lh~ wo~~~~s by c~ity can be ~I ti.. t ~ d b y t h~ u l~ ~ and
p~ovid~d as input to t h~ mod~t . o r i t can be es t i m&t ~d int~rna ll y with in th~

mod~ l . wh i c h ~ve r o pt ion i. cholen . t h ~ con.t ~ucti on wo rk~r s u bmodel gen~r.t~ .

int ~ ~nal ~ . ti~ t~ 1 of the numbe r . nd o f t h ~ .g~ / le x compo. i tion o f the person l
accGnpanying t h~ con.t r uction wor~~~, .

The u.er-Iuppli ~d i n pu t n~eded to ru n t he cons t r uction wor~e~ .ubmode l
con.ist. of a .~t of p r o por t i o n , that .um t o One . T.bl e I il l u . trat e s the
necesla r y in fo r.. t ion. All Mc~n i t ie l" ne~d t o be i dentif ied t ha t . r e the
pot~nt i al 'Ource of ncn-ove r uork~r s 'lo cal l ) o r which coul d potent ia ll y s~ rve

.1 • p l ace of r e .i dence for moVer l (nonloc.LI) . Thes~ co~n i t ie , c . n be
de fi ned to i nc l ude .ny . r ea conv~ni ent f o r t h ~ . n.lylil . For ~x.mpl~ . in
addition to well -de fined co.munities i n t he area, the r e.. i n; ng r u r al . rea of
• county could ~ defined .s • c~nit , . o r leve ral 1..ller c~nities coul d
b~ I ~ped in to a sing le un i t .

Th~ next Itep in t he proce," 's to d e t ~ rm i n~ th~ propor t i on of the con
.truction wor~ fo rce avail.ble locall , . Table I indi c.tel that 10 pe r cent of
th~ conltruction wor k force i, no~verl , ; . ~ •• • v.il.ble local uo r~~rs .

Appro pr i a t e e.tim&t~. for the'e propo~ t i on . ca n u , ual ly be conside red bel t , n
t ~r.., of ablolute numl,"rs o f wor"~ro. The re f o r ~ . i t i . '''d ul to t h i n k in
t~ r., of th~ tot. 1 n umber ot wo r " ~ r l ~equ ired .t th~ pe." o f conl t r uc tion .
Su ppos e ~OO worke rl wer~ required at t h~ p~ak. Ta ble I . uggest. t ha t l SO o f
the. COuld be lupplied Locan,: 1 2~ fr o. C-.nit y A. US fr o-. e-.ni ty B,
a nd 100 from C..-nity C. I( only 10 lH"~cen t o f the const ruc tion l . bor
r~quiremen t l c .n b~ ~t by nonmo ve rs, t hen c Lea r l y lO perc~n t, Or ISO wo r ke r l,
must be met b y ROve rl. The f in.1 t a l" to complet~ Table I i l to a l l ign t he
movers to cu.muni tiel. The ""U8pti on i n T. ble I i . tba t ~o o f t he move rs
wil l reloc.te to Co-aunit y A. 2~ to~nit y B• • nd 7 ~ t o C-.nity C.

Fo r tun" l e l y . t he re i l "n inc re ' li ng l y l . r ge bod y o f prim.~y da l' t ha t c.n
~ us~d to deve lop tbe nece ••• r, el t; .. t e . . T.ble 2 I Umm& ri~~s , iK o f t h~

~st import.nt r e ce n t Itudies of conltruct ion worke r d.t . . Tos~ther , the . e
studies reprelent inforaation on ne .rl y 100 p r o jec t s Ic.t te red th rOul bout tbe
United States . P. r t i c ularly r e l e va n t fo r wa ter r esource fl . nners are t he
I t ud iel o f 12 w. l e~ r ro j ec tl by the Bure.u ~ f Recl.mat ion .nd the mort
r e cen t stud y b y the I n ltitut e fo r W. t e r Resource l o f SS w. ter pro j ect •• 2 The
wor k by ~~nni ns is pa r t icu l a rl y us e ful hec.use o f t he larse n umhe r of w.t er
project I studied .nd becaule he pre l e n t I sev~r.t t.ble. tbat coepa r. th~

reeul ts of h il wor k wi th t hOle of previoue stud ies.

Cener.l ly . t he conclu.i on emerse. fro~ previ ous relea~ch t h. t on the
a ver.s e, ..ny o f t he i sport . n t r e l a t i ons h i ps a ppear to he r~... r ka bl y s i . il a r
fo r d if f~ren t type l of pro ject . a nd fo r dif fer en t part s of tbe count r y .
However , it i l . 1.0 t rue t h . t there i l .t i l l muc h v.ria t i on a.ung projecta .

II J • A. Chal ..rs . Bureau o f Rec lama t i on Const r uct ion Wo r ke r Sur ve { Bu r ea u
o f Recl....tion . tn llne~ring .nd l e .e.rch cent er , 1977

12C• ~.r" Dunn ins , ae ort of Con o t ruc t i on Worke r Su r ve ( Inl t i t ute fo ~
W. t e r Re l ourc e • • U.S . Ar~y Corpl of EngI ne e r • • 19 6 1 •
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Thu~ , a l t ~oug~ .~r.~e re la t i on~~ip~ from t~e work by Dunn i nl Or Ch.lBer ~

woul d be • re • • ona ble ~ ta r t in~ po in t fo r t~e d i s tr ibution of t~e work force
bet ween mever s a nd nonmover s, di s cu s s ions wi t h knowled ge.ble loc al
cont r . c to r • • union bus i nes~ ~na~e r~. and p Lanner~ shou l d be heav ily we i g ~ t ed

i n ..ki ng fi na l as.~pt i ons about the abil i ty o f the l oc al a re. to .uppl y
_rker~.

~Is~ptions wi t h re s~ct to lhe co~uo i t y distr ibuti on of mover s need t o
re(lec t 10c. 1 i nput e ven mere ~ea"ily . It is _ I L doc .......nt ed t lla t th.. CO"-lO
ity di .tribut i on of .eve r const r~ tion work.. r~ vi i I be c loser t o th.. pro j ..c t
.i te t h.n for nonmyl .. r ~ . and t hat d i ~tance f ro m the l i te is t he pr incipal
decision vlriahle . N..v"rtheleu, th" natu re o f the 10c.1 tran sp ortation
I YS (eS and t h.. . va i lab i lity o f aC C O~dal ion s wi l l be import . nt deter~i nant l

of sett l e-ent patt .. rn ~ thn r equire 10c. 1 i nput .

The mover /nonmo"e r compos it i on of t he co ns t ruc tion work fo rce and t he
c ommu n i t y alloc. tion of the move r l are major determinant I of both t he
..(n i t ude .nd the sp.t ia l di ~tr ibut i on of the soc ioeconomic is pacts of •
cons t ruction worker l u~e l , ~o the d. ta in T.ble I . r e ne c • • • • ril y sosevh. t
a rb i t r.ry : the r e fo re , it v i ii o ften be is por t .nt t o ao licit publ ic i nvo Lve~nt

i n ma k i ng t hese auum(,t ion~ a nd i n ev al uating t he i m plic.ti on ~ of d ifferent
ao~uapti onl.

[n uling lhe cons t ruc tion worker submo de l . primary re l i . nce shoul d .Iv.ys
be pl.ced on asa~ptiona. wi t h r e l pe c t t o mover /nonmever compo s i t ion .nd co. 
~ni t y a ll oc.ti ons t h. t . r .. l ..n.. r . t ed . nd c. refully ..v.lw.t ..d by t he w. e r .
Th.. cons t r uc t ion wor ke r subBedel provid... in t .. rna l ly gene r .ted est imat ..s o f
t he se ke y pa r.met .. r s baled on av e rage re lat ionihi pi d.. r i ved f ro- d.t. col 
lected . t 12 wa t e r- r e l . t ed con . t r ue t i on project. in the We s t . The dat.bas..
Ind the empiri ca l proced~ r ... u. ed t o d.. ri ve t he equf!ion, u. ..d i n t h.. cOn
It r uction wo~k.. r s "tmoo<Ie l .re repo~ted by Chdser. . It ..y be POS H bl e to
upd.te t h..s e re lat i onsh ips based on t ~. ~re ~e(ent wor k by Duon in~ . hov
eve r , at p~esent , the a ve r age rel.tion lhiVI f ~om the energy pr o j ec t s . re t he
onl y ~I.bl .. . .. t of res" lts. The princ ip.' use of t h is opt i on .houl d be t o
provi de. at.rt;ng point fo r t he ~Ser in deve l oping l i ( e- ~pecifi( e.t i..tel of
th.. wo rk force compos i t ion .nd . tl ocat i on . .....pt i on• • The .. i n ~ea lOn fo r
tll is i s th.t . 11 the cons t~uct ion worker . t ud ie . have s~own t h. ( t ~e re i.
l. ~le vari . tion amOnK projects. For example , s mo nK t he e ne rKY projects stud
ied by Ch.lsera , t h.. nOnmover s ranged fr om J . J to 78. 6 perce nt o f the ~ork

f or ce . 16 Th.. r .. fo re , i t i . cl ear ly necesl.ry th. t c ondi ti on. p.rti cul.~ t o
..ach project b.. s c ~~t ini ...d to p~event s.. r i ou l pr ..d iction errors.

11S . ... Ihotrl Ind D. "a nn i ven , Soc i oe.:on_;c I.pact As.. s s _ nt : P~ofile
Ma l s il of Worke r Sur"e a Conduc t ed . t Nucl e.r Pover Pl . nt Conlt ruct ion
Sites Ba tt e l le " .,mor l a L Insti tut e , 1919 •

U J • A. CII.I ...... . "The Role of Spat ial Re l at ion . h ; pl i n A...... ing t he Soc i.l
.od Eeon_ic Impa c t s of Large-Sc. l e Conlt ruct;on Pro je.:ts. " N.t ura l
Resourc• • Jo~rnal , 11 ( 1911 ) , pp 209-222 .

15Repo~t of Cons t ruction Wo rk e r Sur v.. y.
16B"re. u of Reelam.tion Conlt~uc t ion W o rke ~ Sur vey .
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I f t he user chooses t he option of h"vi nll t h" model ge nerate "ssumptions,
~ he first s t e p is to de t e rmine the mover/nonmove r compo.i ti on o f the const ruc·
tion emp Loyment as.ociated wi'h a project. This division i s ca lcu Lated for
t he peak year of activity and is t hen used for t he other ye a r . durin~ whi ch
t he re Are const ruction wor ker. on the proj ect. The numher of nOnrnOve r worker.
t ha t m~y be . upplied by the local l abor ma rk et i. esti mated by re L ~li ng t he
si ze af each co mm unity an d it. distance fr om t he project to t he si ze of t he
project in terms of p ea~ ·ye a r empl oyme nt . The tota l number of nO nmOver
cons truction workers fo r the project i s fo und by .umming acro"s the co mmuni 
tie s . The mover work f or c e is ~he difference bet ween the tat~l project
construction work f orc e and the number of wor~e r. suppLied by t he local a rea .
Specifically, it is ass ume d that the number of nOnmOver wor ke r s s upplied by a
par t i cul a r co mmunity to a gi ven project is :

L Positive ly re l " ted '0 ,"0 Slze of t he co mmunity

,. Po. it ive Ly r e l~ted t c ,"0 S I , . .. of ,"0 project

L Invers e Ly re Lat" d " ,"0 d iotanc" fro m ,". project " ,". co mmun it y

,. Inver.eLy reLa t ed " '"' pre.ence of ot he r convnuni tie. wit h in co mmut·

>0' diotance of ,". pr o j e c t .

The eq uation , as de r ived by Ch81mer. , 11 whi ch
numbe r o f nonmOve r con.truction wo r~e r s t hat coul d
by a pa rti c u18 r co mmunity is:

..
00

u.ed to c a lcu Late t he
expec t e d to be supp l ied

NHCW..,, , pop ··119, [Eq 1 1

wher e t he variab l es a re de f ined as :

NHCWi j •

POPi •
•,. •,

Di j •
,
"" •,

non move r const r uction wor~e rs s upp l i ed by co mmunity i to
pro j eet j

popu La tion of communi ty i

peak employment on pr o j e c t j

distance from co mm unit y i to project j

total popu l ation of communitie. s u pp l yin~ local worker s .

Summi ng NMCWi j ove r all co mm uni tie. a nd di vid ing by the project con s t ruction
empl oymen t i o t he peak year yield s t he pro po r t i on of c ons tructi on ~orke r . ca l
cul 8ted to cOm.. f r am t he l oca L area,

l1"The Role of Spa t ial Rela t i on . h i ps in As . es s ing the Socia l and Econ omi c 1m·
pAc t s of Large-Sca l e Construct i on Proje ct s ."
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Por projec t j , the proportion of l oc a l wo rk. rs would be:

•PN/'lCW ... t NMCW.• tt,
J I I ) J

~CWj .. propor t ion of cons truc t i on employmen t On pr o je c t j yho
are non-.o"e rs

[ £ q 2J

Thi . pr oportion, appl ied to the pr oj ect c on. truc tion emp l oyme nt ( ! ) f or ea ch
ye ar , , i "e l the nu.be r of noomo"er yorKer l for t he ot he r year l of pro ject co n
st ruction . The d i ffe rence betve en t he t Olal nu.be r o f YO r k. r s and t he numbe r
of nOn-over wo rke r I is t he . I t i .. t . o f t he n~r o f .a"er worke r l.

ThuI , f or pro j ec t i. the numher of mOver worker l ( Mj) f or a gi ven yesr
OIOu l d be :

l !q ) I

the ne a t I t e p is t o a ll oc a te the .aver York~rl t o co~uni ti e l i n the l oca l
i_pact a rea . Thi l a l l oc a ti on i s based on t he fol l owing ... t hod . Ca.munit y
a t trac t i "e ne s s i l aSlumed to be a posi t i " . func t i on of c~nity l i.e and an
i n"e r l e f unc t i on o f d i,tanc. be tveen t he co-mun i t y and t he pro jec t. Where
MAi j i s t he numbe r of mo"er worker. l oca ting i n communi t y i from projec t j , i t
i , a....-d. bSl ed on t he re l ul t l o f Cha l ",e ra l 8 tha t:

[ [ q 4 ]

The pr opor t i on o f move r worker . a l l ocated t o a part i cular commun i t y i l ca lcu
lated as MA i j by t he ~i j ' S su.med O"e r a l l t he co~n i t i e s in t he loca l
i -.p.tt t a rea. Tlti s wi ll be uled in the c-...nity all oca t i on pr ocedu re
described lat er and i s o f t he f a..:

where :

......., l !q 51

MACij .. Proportion o f .av. r const r ucli on worke r s on pro j e c t
j who wil t c hoole t o li"e i n c om-uni t y i

n" num ber o f co mmunitie l i n t he loca l i mpsct a res

18"The Ro le of Spati a l Relationshipl in Aa.e u i"g the Soc i al snd [ con omi c
I llpacli of La r ge-Scs l e Construction Projectl . "
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Th~ ~~.t step in the con. t ruction wor ke r ~ n£lys i. i s t o de te r Mi ne the . ~ e

s t ruct ure .nd I£_il y coapos it i on of t~e ~~r cons t ruction work $r s. A~e d , s
t ri but,on fac t~rs de r i~ed f r om t he Construc tion ~o rke r Prof i le l . r e I~Own i n
Ta b le J .nO . r e us ed t o .lloca t e t he tot £1 numbe r o f ~ver cons t ructI on wor k
ers t o s pec,f ic age gr oup s . To de t e r. ine t he f am,ly compo. it ion of the ~~e r

~o rke r ., a n a~e raMe ~r r ieO-~' l h - f a~ i l y - pre.ent r at e is u. ed . The ra t e of
4 7.5 pe rcent f r om th e Const r uc t ' on ~orke r Profi l e i mp L,e s t ha t t he r e ~ il t be
a l mo.t 46 s pou. " • • o r fami li" • • fo r eve r y 100 mover c onst r uct i on ~orke .. f o r
t he pr o jec t. Th., s pou.e s a r ., a s.u~d to ha ve t he . ame age di st ribution a s t he
wor ke r .. I t i s . 1.0 de l e r.ined 1 0 the Const r uction ~ o r k e r Profil e tha t, on
t he . v~ rage . the re wi l l ~ l . bl chi ld ren pe r f ami ly wi t h t he age d i str ibu ti on
tha t •• ",i ven , n Ta ble 4 . This Me a ns t hat t or eve ry 100 ~ver c on. t ru c t i on
worke r s, t he re ~il l be a n ave ra Me 51 .5 worker s ~o . r e .ingl e or ma r ri ed but
wi t hout thei r f.mi l ie., .nd 41. 5 wor ke rs who a re ~r r ,ed wi th thei r l .mi li es
pre sent ( 4 ' .~ spouses . nd 18. 9 cbild ren) . f or ~ tot .1 o f 1 26 per l onl per 100
~ver ....,.ke rl. Dunnln",'a .are rece nt wo r k indic ~ted an aver~ge i ntlus o f 224
perlon . pe r 100 move r • • l However , i t i. i.po rt ant not to .i .i nt e r pret t he
f.c t that the re i • • ub.t.ntial 4gree~nt in t he . ve rage . i n t he se d i f f e r en t
.t udi@., . ince the re (ont inu",. to be .ub.t.nt i al v. r i ation a~ng i nd i vi dual
pro ject ...

For a r ~ a l i n wh i Ch t he con s t r uct ion of more t h.n one pro ject il es pe ct e d
duri n~ the pro j e c t i on per i nd, t ... o o pt i on. C4n be fol lowed . The f ir . t opt i on
, hou l d be u sed wh en t he peak emp Lo ymen t for t wo or more pro ject . i n t he .r@&
i s e xpected t o occu r .t . bou t the ... ti me. Tni. cale ... i ll be rel e r r ed t o a'
th. t i n whi c h t wo o r MO re o [ t he pro ject • • re co inc i de nt . The s econd opt i on
. hould b@ u. ed when the pr o j e c t s . re d i . cret e; t h.t i. , t he y do not ove r l ap
signi f icantly.

[t the project. a re d i . cre t e . there i .. no chan~e i n t he proce••e.
de s c r i bed .hove, e xcept t ha t t he conn r uc t ; on worke r , ublnode l i••cc .. ..ed • •
ma ny t \~ . a. t here a re proJects , and e ac h pro je ct i l .n. ly .eo i ndependent l y .
Howeve r, i f t~o or more projecta a re co i nc i denl , the pro( e • • of de t er~ i n i ng

t he move r !nonmover di v i s ion i s a s f o l l ows , The pe. k ye. r beco""'o t he yea r fo r
whi ch t he comb ined empL oyment fo r t he pro jec t. i . gr e.teot. The numbe r of
nonmove r wor~ero fo r t he pro j ec t beginn ing ear l i er i. de t ermined fir ot , uoing
t he e~ua t i o n prev i ou l ly preoe nt ed . The nest s le p , . t o add the empl oyment in
t he Oame year f or t he s~cond pro j e c t t o t he employme nt a ••ocia t ed with the
f i r , t pro j e ct :

•. " •." I E~ to I

19MOunt.i n ~e s t Re, e a r ch, I nc . , Cons t r uc tion ~ork~ r Pro lil e: fin.1 Repor t
(Ol d We s t Re~ i ona l Co.mi.s io n , 1915l .

20Rep or t of Con . t ruction Wo rk er Sur vey,

"



T..ble I

'"
1) - 11
l8- 19
10-14
15-19
10- )4
)5-)9

40-44
45-64

F..ct or 11

0.0)400
0 .0 3400
0.0 4060
0.04060
0 .0 1590
0. 01S90
0 .0098)

11 The f actor i f uf ed f or each f inSl e year of aae
~ i th in t he co r relpondi na "Ie c" ce aor y .
Source : MO\Ul t a i o " es t Res. a r ch . Inc . , 1915 , Conlt ruC
d on IIo r ker Pro f ile: Fi nat Re porc, a Itudy fo r t h. Ol d
We l t Res i on,,1 Commi, " i on , W• • hinal on , D. C., p 38.

All ocat; on F"ctor l fo r AKe Di stribu t i on of Chi ldcpn Acco~p"nyina

Mover Cor,ccuction Olo rk er ,

"- fa c t or

0 0 . Il S4
1 0.1184, 0.1l84, 0.1184, 0.1184, 0 .084 S

• 0.0845
1 0 .084S
e 0. 084S, O.084S

10 0 . 084S
11 0.084S
12 0.01>19
13 0 .0619

" 0 .06H
1> 0 . 0629

" 0 .0 619
11 0 .0629
18 0 .0613

Sou rc e : Mount. i n • • st R.lear eh. Inc . , 1915 , Construction
Wor ker Pr of ih : Find Report . .. . t udy fo r th e Old Wu c
Region,,1 c~i • • i on , w••hingt on, D.C. , p. )3 .



A ca.bin~d di~tanc~ lac tn r IS I ~ ~n calc~l al Pd t or parh c~ni t y i n t ~~ tt~d y

a r ea . This tak~ 1 th~ (nr~:

[ [ q 1 )

Bo t ~ r.* and D* ~ rp ~ .~ d in t ~ p non mover ~o rker e quat i on a nd t he res ul t i .
i nte r pre t e d a ' t~~ number o f nonmover ~orker l f rom P4ch co mmunit y fn r both
pro j ec t I I an d 2. Since t he n~ber •• soc ;ated wit h t he fir lt pro jec t ha l
al ready been ca l cu l ated . t hi. i l subt rac t ed l r~ t h~ co~b ined t ota l , ~h i c h

8 i ....s t he numbe r 01 no..->ve r workers a. l nc ial ed wi t h t he lecond pr o jec t . I f
therl I re t~ree propole d projectl tb l t co incide , t~e procedure il t o c l lcul l te
th~ ca.bine d pro je ct c_p l or-ent for t he pel k year and the wei l ht ed diltance
f . ctor and the n ca.pu t ~ I he t ota l non~ver worker l ( o r I he co~bined pro j e c t • •
The nu_ber o f nonmo ve r worke r l ca l cu la t ed (or the two co~b i ned pro j ec t . i s
lubt rac t ed f r~ the nu_ be r fo r t he t hre e comb i ned pro je c t l. an d t he r e l u l t i s
t he nu~be r o f nnnmover ~orker s a • •oc i. t ed wi th the th ird projec t . Once the
nllmber of nonmO Hr ~orkero fo r "ach pro j ..ct h,,~ been ca lc ul ated . t he number of
mover worke r s and t he co mm un ity a lloca t ion o f t heoe work er s are calc ula t e d • •
befor" .

Afle r t he 4n. l y.i. ha l ~en completed l or al l t~e pr o je c t . unde r
consi de ration . t he trt al n~ber of mover conlt r uc t ; on wo rke r s i n each county
i. calcul a ted by s~ing Ove r a l l t he projec t l . The n~r of no~ve r

cOnlt r uct ion worke rs i n e ac h count y who work on t he pro ject s i l a dded t o t he
t otal .ave r consl ruction work f o rce . The total number o f c ons t r uc t ion work ers
in each co unt y i l added 10 the bale li n" levell o f bas i c cons t ruct ion
emplor-ent fo r e ac h counl y fo r uI " in t he ~e l ' l e c onoeic c~ponent.

Cur r en t re se arch i n r"gion a l econo~ic mode ling . pa rti c ula rl y t ha t re l a t ed
to i_ pac t . 1 1 " s s~e n t . ha l r e vea l ed . ha t t he re a r~ 'iron, . imi l a riti". a.anl
i nput/output . e . pon base . and econ_tric ~dell . The mult ipl iers ( a _ . 1-
ur e of the i ncr".le in t ot . I econoci c . ct i vit y i n relpons e to an i nc r ea se ; n
bal ic ac t i v i ty ) der i ve d fr~ t he t hr ee a ppruache s hove bIOen demon l trat ed t o be
c onsi l t en t . bo t h the oret i cal ly ond e~p i r i cal ly. The re fo r" . e cone.i c model i ng
ha d bec ome i nc re4s ing l y ec lec t ic . of t en ul i ng aspec t I of a ll t hree l echn iques .
th~ pr a gma t i c d i ff e rence s 4mong t he _ [ hodl l i ~ i n f our a reas:

I . The e.te nt of the s ec to r . l dis.~~re~ation

4 . The ". t " nt t o ~hi c h t he y Can i nc or pora t" a l te rna l ; ve al su-ptionl an d
da ta par... t er l .

21~ mo re de ta i led de l c r i pt i on ot th" d i f f e r"nt mode l i ng a lterna tive s can bIO
foun d in J . ~ . Cha lmers .nd E. J . Ander son . E cono~i c / De~graph i c As se .sment
Manua l (U. S. Ru.eau of R~c I 4m4tion. 1911) .

"



In put/output ~dell . re ulua ll, ~h. r.~teri~ed b, • h igh leve l of
indult rial dilaggreg.tion lin~e the, . re eltim.ted fr~ re l a t i ve l y detailed
interindultry t ••nla~tionl dat. . Thei r pri n~ i pa L ~on~ern i. in~re~ntaL

analy.il ~.ed on given ~ h.ngea in fi nal dp-and r.ther t h.n the dete rmi nltion
o f t he levels o f f in"l derMnd. E~ o n ome t r i t mode l . h" ve l i ttle , i f a ny .
i ndu.t ri al d i."ggr egation . "nd I r e u , uli ly e lt imated b.sed on • I. rge number
of ti..,-I.. r i e . ob.erv.t ion• • Thil type of ~de l il ~.t f requently u.ed to
fo r.cllt ~.eline levela of econa.ic a~tivi(, ba.ed On hilto ri~al t rendl. a nd
il parti~ularL y re levant (0 proje~ting a~ t i v i t , fo r large and r e l l t i ve l ,
campLe I ur bdn Irea••

EIpor t ba.e ~de l . a re leI' ea. y t o ~ h "racteri~e be ~a u . e of t he va rie t y
01 wa y. in whi~h they ~In be ~onlt ruc t ed . The elle ntia l di ffe r enc e among
eIpo rt ba.e .adell il t he level of dilagg reg.tion o f the e~on~ie ae~tor. The
" "port bl., DOdeL ..y rlnge f ra- a li ngle r a t i o Or mult i plier . wh i ch re l . tel I
ch.nge in blaic Ictivit y to the ( otll ~hlnge i n e~onomi~ a ~ t i vi t y . to I ~tr iI

of mu ltip l i e r •• wh i ch i ndicat es each economi ~ .e~to r ·a re. pons e to a g i ven
ch. nge in bl l i~ ac ti vity . ~ o a t t echni que. used t o quan tify the mu l t ipl i e r .
I re baled on dltl fo r a gi ven po i nt i n t i~•• I though aome uI" time-.eriel
data. The e Iport ba.e approlch i .....n.ble to projecting levela n f I c t ivit y
or to ".ti..ti~g in~r"ment.' ch.nge. in eeona-ie activit, . It i. ~ommonL,

u."d for bot h purpo.el.

At the leve l of . nll y. ia r equired f ar implet • • •e.....nt • • n in put/out put
modd ba l e d on pri..ry d. t l i a not lilo.ely to be • r ea . on.bl e al ternat i ve . Ita
d"v"lo~nt i. e Ipenlive • • nd t he te~hni que suffe rl fro- t he li_itltion of
onl y re pre ae nt i ng the t truc t ure of t he econom y I t t he t i... t h.t the pri ..ry
dat I aurvey ia t l lo.e n. Th i . it pot en ti.lly • •e r ;ou. probl... li nce ... jar
c onu qllence of I propoled . c t i on m.y be t o ch.nge the . t ruct ure o f the Loc. l
econnAy . nd r e nde r t he ;nt er;ndu.t r y t r.n• • c tionl d.t. o bso lete , e.peci . l l y in
the Clle of re l.tively I . rge Ic t;v; tie l ; n l pa r.ely popull ted . re.l. The
. e~ond il,ye il thlt input/oytput technique • • r e lela .ppro pr ; l t e i f the l eve l
of i ndultri.1 ;~te••~tion i ~ • re g i on i l l ow. I~ ..ny I re••• there &&, be 00 .
or ve ry fe w. 10c II pUrCh.lel o f ; n te r~d;. te l oodl. wh i~h l i mi t . I he r e l e v. nce
of the i npyt lou~ pyt mode l.

For a Ilrger reg i on. t he I ho r t ~a.;ngl of inpu t foucpyt . re my~ h l e a . t e r i 
Oyl .ince t he propos ed . c t ion il r .re ly 10 la rle t hat .igni fic.nt . l ruClurl l
ch.nge ....,,,Id be e Ipeeted t o o~~yr i n the e~ona-y . In .ddition • • inc.. the r e
I re ulu.lly lia n i f ic.nt l e ve ll of ; nt e ri ndult r y t r ln'lctiona i n '. rge I re.l .
inpu t /ou t Pyt &n.ly.e. yield i mpo r t l nt inf orma ti on. Howeve r. for purpole . of
"con Ofti~ sode l in l f or l mal l rur.l I re• • • the.e f.ctOr. Ire not • • i mport l n t .

The a rl~nt . ..de . bove . re not i ntended to i mply t h.t .. . ilting d.tl on
i nterindult r , t rlnl.~tionl C. n be i gn~red in . ..11 countiel . On t he ~on ( r . r y .

eI i.tina d. ta hive t o be ~lrefull7 re v i ewed, .nd wh. l e ver ~del;~& t e~hnique

i l . dopt ed , the re se.rcher mu . t be c onv ince d t h. t impor t . nt b&c~w&rd Or for
wlrd lin lo.&le. h. ve been inco r por .t ed I de qua t e l y . However, the f . ct remain.
thl t Ii t hough e.ilt ing i nput/output ~de l l will cont inue to be uled for .ma\1
.rea impact . n.l ,.i . i n t he fev ~I.e. vb.re up-to- d. te d. t . e.i. t , i t would be



unus ua l to cond uc t p r ;~ ry dat a surv~y. I n ord~r to con . truc t an i nput/output
model for this pu rpose.

~ uc h ~re c~n, and at the other end of the contlnu~ f r~ input/out pu t
i n te..... o f co..p1es i t y, i s the . i mpl e e xport base model . I n t h., ext rl!~ ee se
( not unCOm.Qn i n the a.sessment l it~ra t u re ) , ...pl oyeent by a one- di,it i ndus
trial S.,CtOr i . c ategori &~d .IS b8sic Or nonba ,ic on a prior i grounds ( e .g.,
ma nu fa c t uri ng i . ha,ic, tran. port at io n i s noaba . ic ) . The ra t i o of tot al
empl oyment to bas ic empl oyment fo r .. pa r t ic ul a r year i. t hcn us ed t o pr oj ect
the e h an~e in .,conom i e .c ti vi t y , g i ven d chan~e i n ba.i c act i vi t y . The mO re
important i .. ue. i~no"'d by l hi. approach i ncl ude the fo ll owing :

I. 8, . i c e..ploy~nt has to be ~i lht~d to reflect ea rn ing d if fe rentia l s.
It make . lit t l e sense to su~gest that a change in touris t ·.ervice t rade
e-plo~nt wi ll have the . a~ e ffec l on t he !!conom y a' a Change i n the heavy
con.t ruction ind us t r y .

1 . ~xplicit account ault be taken of linke d Or indi rec t balie ac t i vi ty.

J . ~ven a ~dest loal l i ke ach ieving "ba l lpark accuracy" fo r the .... Iti
pl ier de~nds rigorous a ((e nt ion to t he split bet_en basic and nonba. ic . For
es a..p!e , .... ch of the manuf ac tu rinl i n t he ~e st i s nonbas ic, ~ i le muc h of
trans por t a t i on is d ire c t Or indirect hasi c . Bot h e,.mpl e s are cont rary to
tradit i ona l a pr i o r i c a tego ri za t i on .

4. I f lign i f i cant growth i s ant i c ipa ted 1n t he economy of the l ocal
impa c t area, account mu l t be t aken o f the fact t ha t mOre Iuc a l l y produ ced
,\oOO s an d aerv ices ",i l l bec.,.., ava i labl e ( i_pan . ubltit ution) . the result IS
t hat t he effecti ve ....Itipli e r ",i l l i ncrea se,

~ . Vinall y , tradi n,\ re l a t i onsh i ps within t he local i mpa ct area ha ve t o
be . ...;n.4 becau.e activity in One a rea ..y de pend on a ct ivi ty l eve l l i n sur 
r oun4 i n ~ areas. The.e inte r a rea tradin~ r e ta t i on .h ip...y be c ritical t o
un4e rstandin~ the spatia l d i str i but i on 0 1 econ~ie i _~et • •

The econa.ic .ubmod.1 of BREAM i s a pprc?ri a te l y cla.s if i ed a. an e a port
ba .e aodel t hat produ c e . co n. i. t e nt fo reca . t. of empl oymen t and i nc ome . It
po.tul a tes tba t total ec onomic act i vity i a det ermin ed by ba sic labo r income,
nonbAlic labor income, a nd non l abor co mponents of per .onal income . The model
na. evo lved fr o. pract i cal eaperience in c a r r yi ng out i mpact a • • e l .~nt a nd
foreca st i n.\ pr ojec ts i n t h~ ~e s t ern Uni t ed States and i nco r por at• • procedur••
~ h a t oV~rcome many o f t he s ho rtcominlS o f . impl e ea port ba se mod. l s .

fiA ur . ~ s hows the I~neral f r....work of the economic submodel of BR~.

&eli nni n, wi th bas ic ~pt or-ent pr o j e ct i ons s uppli ed by the use r, ba s ic income
i s cal cul a t ed by .... ltipl ying basic ••pl or-ent by .eC to r ·.pec i f; c ann"a t ",age
ra t e s . Th. ini ti al basic illc_ e s t i ..t .. , to~ether with an i n i t ial eotiaat.
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of nonlabo~ i nc~ adjust .... nl . " ~esu l l in an i n i t i a l el t i ... t e of pe~lon.1

i nc ..... . Nonbui c _plo,....,n t il then e s t i N t ed ba sed on penonal i nc"",," ; i f
I he .~ea il • t~ade . nd se~v ; ce cente~ fo ~ O l he ~ a ~eas. i t is ba sed on t he
pe ~ . ona l i nco.e in i ts ... ~ ke t a~ea. Nan ba s i c ,ncome can then be es t iNted
ba sed on the e~p l o,...n t estiNt e an d the ~aKe data , and i . added to t abo~

.nc~ . Th,s r e , u lt . in a ne~ esti~te of pe r son. l inc~. The ca lcul a t.on.
of nonbalic employment and i ncome an d 0 1 non l abo ~ inc"",," a le t he n re pe a t ed
uli n~ t hi l nev leve l of pe r . onal i ncome. S.nce an y ch. nge i n pers ona L i ncome
is a l sumed to a f f eCI nonbasic empLo~nt . nd ~ change i n nonbasic emp l o~nt

af f ec t. income . the iterati ve ploce'l ~. t be conti nued until a co nsiste nt
l eve l of pe rsona l i nc ","" and nonba. ic e",ployment i s e nabl i shed. Si nce ba . i c
i nco~ i. de t ,,~m i ned t hro ugh the ba s ic emplor-ent p ~ o ;e c t i o n••upp l ied by t he
u. er , i t i. not 4lfec t ed by t he"" itl! ~ ati ve change s i n t he l eve l of peroona l
i nco me and nonb. s i c "m p lo~n t , The inte ~re l a tion.hip . amon~ the component,
of t be economi c . ubmode l a ~e di . cu u"d in detail be low. Par ticula r emph<uis
i . pl a ced on det e rmining nonba.i c emplo yment and per.ons l income ,

Ba s i c ~ployment Assumptions. The pri mar y i nput t o t he economic . u~el

il t he basic ,,-ployment . ssump t i on . luppl ied by t he u.e r . Wi t h i n t he It r uC
t Ule o f 8Rf~~. ba. ic econn-ic activit y i s de f in ed • • th . 1 econnaic .c livi ty
v i t h in t he study . re a whol l y det e~i n"d by fo rc es o ri ginat ing f rna oul.i de t he
.tudy .rea. Thi, commonl y include ••ct; vi ly a • •oci a led wi t h I! sported good .
and .er v i c e., but ..y al .o i nclude lour i .t - relate d bu" ne•• and some Covern
-ent ~ c t iv ' t 1' ~ o~b~ .i c ( ; nduc e d ) act i v i ty i, tha t ec onomi c ac t ivi t y dete r
m;ne4 by I he I l!ve l of I!cannaic ac t ivi t y wi th i n the len.. r aL . tud y a ~e•• I n
addit i on. when . co...nt y . e rvel a' a r l!l i ona l t ~.de and s.. r v i ce cent el. non
b. s;c emplo~nt i n SR EA" i ncl ...de . th. t emp lo,...nt w~ i c h r e . ult . (10m pe ~ .on. 1

i ncome i n the counties i n t he c~n l e e ' . marke t are••

Wh i l e tb.. con ceptual d i . t i ncl ;on ~tween basi c and nonha. ic empl oyme nt
Ca n be elt a bl i .hed , t he ee are many peac t ic . l peoblems a••oci ated wi th
delineati ng ~ c tua l empl oymen t acc ordin~ to itl b•• i c/nonba .i c compo.ition .
The r e i . " UbOla nt i ..t lit e~ature i n ~ ..g ional economic . and economic geog~aphy

t ha t de al. wi t b t he d ive ~.e m" t hodo l og ie . t hat can be u.rd. A deta iled
oumma ry of t be.e t ~}hni q u e . i. ava i l.bl e i n the Economi c / Oemographic
A,u nment Man ual. After hav inl i d e n t lf i ~ ~ the pre oent l evel . of ba . ic
empl oyment in the 10c.1 econoey, the ne.t . t e p i . 10 pr o j ect ba .i c empl o,-ent
fo r e.ch of I hl! modl!l '. economic .ec to r . (or the cour.e o f the pro j ec t ion
pe r i Od . The l e ngt h of t he pro j e c t i on pe~ ;od i. of t en del lr.ined by t he
pl.nninK Or a nl guidel i nes ~nde~ whic h t he .tudy i. be i ng d i rec led .
Ho~ver. ;1 . houl d be not ed tha l the~e C.n be la~le va r i .t ion. in t be l eve l o (
effo ~ 1 appropri at e t o con. truc t i on 01 t he ba . ; c emplo~nl fo ~eca s t s. The
comple.ity 01 tbe economy and e li.tinK r e . earch a nd data pe ~taininr; t o t he

'~onlabol i nc ome inc lude s al l fo ~. 0 1 pe ~.on.1 i ncome th. t a ~e nOt re ce i ved
in t he fo~ of w.ge • ••al ari e • • a nd propri e to r 's i ncome . Non l . bo r i nco...
i nclLde . t r.n . fer pay.ent s and d i vidend• • i n 'ere.l , and rent. I n .dd i t i on.
t wo othe r . dj ... . t ment • • re made to der i ve t ot. l person.l i ncome. Pe ~.on.1

c onlribut i on . for .oci .l i n.u ranc e are . ...btrlcted . a nd 1 r l . idency ad ju.tment
~ . .... d.. t o ac co" nt for inte rc ounty co"",,ula ti nn • •

1 Economi c/Demolir. phic Aueum"nt l'Ia oul l .



Itud~ I r~1 ~ i l l g~nerlll~ dict.te th~ ..~nit~d~ of the effort.
Uler il re fer red to the fcona-ic/Demo gr.phic Allell~nt ~lnuI L

de tl i l . of the balic e.ployment projection pro ce l l .

A. l in. t he
fo r I~cific

Real \la~u . Alt houRh buic _p l oymen t projection. I re the pri ... r~ i np ut.
the model ~ . e l per.ona l i ncome i n i t. calcu l. tionl . Conlequentl ~ . ba. ; c l a bor
i ncome mu.t be ca lcu l a t e d a , t he f ir.t . t e p of the procel" The u l er . ~ ppliel

Iv~rage elrn inR I b~ indultri al , ect o r , ~h ich i. then uled to compute t he b.lic
l l bor inc~. Th~ aver a R~ ~. rning• • r~ c •• c u l . ted ( or t he b••e ~e.r f ro~ the
.c.t r~c~nt BEA ~r.on.1 inc~ .nd ~.ployment d.t . . Met hod o l o g i c . 1 probl ....
..~ c~plic.te the c. lcul.tion. fir l t. non.gr icul tur.l prop r iel~r'l inc~ i.
1110clt~d IcrOI' t h~ economic sectors b~ t h~ BfA , whi l e the n...~r of pro p r ie
to ri il not . Therefore, the .v~r.ge ,"rni ngs fi gure Iss~ilted wit h elch wI g e
.nd ••l.ri~d ~mplo~~~ i. c~pos~d o f • w.g~ and sl il r y ~ . rningl ca.ponent Ind
I propr i eto r' , inc~ component. To tl l income in ~ach s~c tor i. comput~ "'
t he prod uc t o ( the cnmb in~d ~. rni ngs ~r employee f. c t or . nd WIle Ind • • I a r y
empl oyme n t .

The . e con d compl .. xi ty in vo l ve. t he rlct th" t t he e conomic l u bmo de l '. cI l 
c u l nion. a re i n te r m. o f rea l i nco me. Con.eq ~en tl y . a n "d j u l t_nt i. mlde t o
account ( or ~x pect~d annuIL chl nges in productiyit~ and t he r el lt ed c h l nge. i n
real .Yer.g~ ~arning• •

lbe aelltionlhi p of Moo ba. i c E.plo,-eot to Inco~. ~ onba, i c emp Lor--n t
i . d.fi n~d I I actiy it~ that origi nlte. " ' I r e . pon. a to f orce l wi thin t he
10cI I Irea Or w. t h i n the ma r~et I rel . The de t ermination of nonbl . i c
employmen t ( th. t i i , t he e l lCt nl t ure of t he r e lpc ns. t o income) hl l been the
sub j~ct o f much r e l e lrCh in r eg i on,,1 e conomi c .. The Cen l r al p ro b l em i . th l t
mQ lt i nd~.tr il l leCtO rl ha ye co mpo ne n t . of both b'li c .. nd nonb.si c activit~.

The le component I mUl t be cl e "rly ident if ied .nd lep. r .t ed t o pro d ~ c ~

rel l ona b l e e.ti.. tel of the r e l pon . i vene • • o f no~bal ic e.plo~nt t o c h . n&~1

i n t he clu.11 y.ri.ble••

Th~ procedure u.ed to ettimate the econa.ic .ubmod~l dill&lr~g.t~1

e.ployment dltl in elch one-dilit indullri ll . ~c tor i nto th~ ba.ic I nd
nonbatic componentl . Once nonbasic emplo,..nt i l e lt i..t~d, • • ch t~ctor'l

retpon .~ to loc.l inc..... ( I coe fficient r e ! erred to "' • " g. ..." ) i ,
c I lcul. ted ., the r. t i o o f nonba.i c empl or-enc t o pe r lon.l income . Th~I~

. ectorlL ga~1 th~n beca.e th~ ~.nl to f orec'l t the nonba.ic empLo r-en t
•••u l t i ng f rom the p r oj ec ted l eyet l of pe'lona l in com~.

Tradi ng Re lltion .hip. A mA j or ' . sue i n ec on om, c i mpact I nll y.i, il t hlt
the con.eq~encel o f I n .ct i on wi Ll no t b~ confi ned t o I . ing le .re • • but wil l
pe~. te • region Iccord in. to t he econc.ic trld ing r e l . ti on . h i pi t h.t joi n
t he-. Th~ r~.pon ,e o f the econom~ to • chlnge in economic .ctiyit r wou ld be
e ,peeted to be the ' Ame f o r .11 rea i on. i f conl..eption p.t tern t of con l ....r.
~r. the "'" Ind if nonbalic .c tiyit y WI' d i.per .~d i n pro por t i o n to ;nc~

d i l tr i but i o n . Al t ho ugh there undoubtedl ~ Ire d if ferenC~ 1 in conl~ption pIt ·
ternt in giyen inc..-e l e ye l . , it probabl~ c.n be . .._ d t hat, wi t hin. g i Yen
r eg i on, the ' e d i ffe r encet . re no t sign ifi c.nt . t the one-digit S I C (S t .nd.rd
I ndu, t .i . 1 CI'll i f iC l tion ) l evel o f anl l~. i.. ~o.e i mpo r tlnt il th~ eli l t enc e



of an economi c h i ~rare hy among . r ~al ,n ~h ich ~re loph i.tieat~d a nd spec ial 
iz..d good s . nd s~rvi c~s a r .. av.. i1abl~ only i n l.rge r p l.c~s , Th i s h. s th~

obvious conl~qu~nc~ th.t t he nonbalie ~mployment r~ l pon . .. t o • g i ven change .n
~roon. l inc... .. ill be gre. ter in I.rg~r . re.l ; i .~ . , the g. ..... .. ill be
l a r ge r .

The developDent of t he t r .d i ng r e l a t i on l h i p concept can bel t be delc ri bed
t h ro ogh . n ~ • • mpL e . Civ~n a r~gion ca.poled o ( t wo . re.1 ( A and 8 ) , . l lome
t hat A il muc h l a r&~r tha n 8 , a nd tha t A l~rv~1 oi l a t r . de cent~r (o r t h ~

r ..g ion. HOOI Pho Ld l .nd bOl inel l e s in A ca n pu rch a.e • bro a de r r . nge of goodl
I nd . erv icel loc.ll y than c an the consumerl re. id i ng i n 8 . Conle quentl y , t he
economy o f A ca n lupport re l a t i ve l y mu re nonbal ic econami e a ct i v i ty (re t ai l
t r ad e fo r i n lt .o nc ~ ) , ~i ven a " 've l of bal i c act ivi ty . I n .o dd it ion , re . i de nts
of a rea B pur cha l e ce rt a i n ~ood . and "e r v ic el i n arpa A.

Algebra i ca l l y, In" re l ation. nip b,' t ..e en II BE (nonb a l i c emp lo yment ) a nd PI
( pe rlona l i nco me ) c an be r ep r e . e n t ~ d a . :

NBEj , B • f (Pll)

N8Ej , A • f (PI A, P18 )

That ii, nonb... i c "",plor-nt i n .eclor j (e . g . , t r . de ) in area I de""nd . on l y
on th~ lev~1 of i nc... in 8, b~t nonhalic e~loymen t in l ec tOr j i n a rea A
r~l pondl to i nc... in both areal. The poin t il t h.t t here a r~ I~ lpecia l 
i.ed good l and le rvicel that a re not r~.d il y a vai labl e in area I for whi ch
r ~ l i den t l of I ~It t rav~ 1 to a r~a A.

I t ; 1 ~."f~L to re fe r t o th~ l ood l and lervi c~ s ava i l a bl ~ i n ar~a I oi l
fi rl t -o rd .. r loodl . The.e r .. pre . en t t ho.e it o r .e rvic~ . tha t are c om.o nly
ava i labl e even i n ve r y . pa r.e l y popul at ed . r The good l and l e r vice. t ha l
can be obt ai ne d onl y i n ar ..a A a re de f ined • • • ec ond - ord er (e .g •• goodl . nd
I .. r vi c.. . of a h ighe r - ord .. r . p..ci a liza tion ) . R.. . i den t l of t he I ... . popula t ed
a rea B . a t iof y t hei r li r l t - o rd~ r d~mand o i n a r ..a B (by def i n i t i on) a nd t he i r
l econd . an d po.. i b l y h ighe r -ord er d,,,",,nd. i n a r ea A; ho...,ve r , re.i d.,nt l of
area A ge t bot h thp i r li ~.t - ~nd . e cond - o ~der good . and . ervice . local ly .
Thi l I ..ado t o 'h.. l o l l o.. i ng '

o.. line :

•'; .

••eeond-orde r d.,..nd lo r aCl ovot; e t in .ec t o r jz
' j

Aceordi na l y, the r~l a t i on lh i p be t wee n nonbal ic e~plo,...nt and per l ona l
i ncome ment i oned . bove ca n be -u re preci le t y repre l ent ed a l:

tlBEj , l ·

tlBEj , A ·

1
' j

1
' j

,'.



Th~ ; .port.nc~ of t b~ ' p. ti .1 int~ r.ction ~t~~n t b~ t wo ~conomi e. ~.t ~

e.ph• • i.e d. If th~ ~f f~ct . of a pr opo .ed p ro j~ct ;n cooot y B are analys ed
wi t hou t tak ing i n to a cc ount tbe t rad ing re l. t i onlhip. , the .,gr~gate econ~ic

~ f f~ctl wil l be underltat~d . l ince t be . pil lov~r e f f ec t . ,n coont y A w, l l be
lIi ..~d . In th~ It. contelt . an. l , . , . of • n""" htl' C act,v,ty in count y A
ov~re . ti ...t~. t h~ i ndoc~d ~ ffectl , . i nc~ . und~r t r adi tion.1 . I s umpt ion• • al l
t h~ non~ I 'c ac tivity i n th~ coont y wil l hav~ be~n .ttr;but~d lo l~ l y t o th~

p~r .ona l i ncome in coonty A. Onc e t he nonba.ic ac t i v i ty; . cor rec tl y . t tr i
but~d t o a combination nf peroon.l i nc ome i n counti ~. A .nd B, t he induced
effec tl per dol l .r of pe r,on, l incom~ wi l l b~ reduced . ppr opr i . t e l y.

The emp i r i c . 1 p rob l~m i. t o ~.ti mat ~ 11 .nd 11 par.m.t er• • Hul t i pl e
r~gr~ • • ion .n. ly . i . coold b~ u . ed t o e.ti mate t be e qua t i on. s p~citied abov~ ;

ho~v.. r. tb.. higb d"lr ..e 01 colli n... rity ....ng t h ~ p....on. l inc..- .~ri ~ s

...ke . it ve r y d i ffi col t t o ,art out t he i n t ~ r action .. f f ec t s . Anot h... w.y of

.ccoon t; ng for th.. .. I f ec t s 01 . p. ti al i nt e r.ction wou ld be to 'Rlreg.te the
eaplo~n t and inc..- d.t. Ov~ r t he coonti e . wi t h i n Ihe r egion , . i nc e th is
would intern.l i z ~ int e rcoon t y tr . di nl withi n t he reg ion. Th~ ~l li plier c al 
cu l a t e d f or the reg ion a l • who l e wou ld ~ a re . l ona bl e e.I,.. te of the l i~~iy

re . ponse o f the i nduc ed s ec to r t o chanles in ba.ic activity. The probl em with
t hi s .... thod is t h.t the t ot. L r egi on. l inc ..... and elllpl o,...nt i_pact s moU be
a l l ocat..d to t h ~ c ounty ( or . 0bre , ;on. l ) I ~ ve l f or an, l y. i , .

A t hi r d .ppro.ch i. t o e . t im. t e the NBE / PI r. t i os re cur"vely . st.rting
wi th the simpl e . t economi e.-- the fi rl t ·nrde r p lace .--.nd proceedin~ throu~h

the e conom i c h ierarchy. As.ume t he fo Llowing pe rtain to t he . r ea. A .nd 8
de s c r, be d above:

Pe ..onal Inc o... ( $000)
'boht . i c F.oop l a,..nt, Sec tor j

(t r ade . f ar e . a ~p l e )

Ar~. A

u .ooo

'"

Area B

$1 .000

"
Uli ng th.. ... da t •• I1 c.n be e l ti..ted . 1:

j

• 2~/IOOO • 0 .02

H. vi ng ... ti~.ted the f i r. t -o r d~r ,.~ fo r Ire. I . t he . er ond- o r de r gamma fo r
Are. A .. y be derived .1 fo llowo:

1
" 8E. A

"
I

• 1 j

IA"..-;ng t h.t 1 j for A . nd II ,re ..qua l ,

IN8E . • • 0 .02 ( ~OOO) • 100,..
3J



Thenfore , .i nc , toc.l1 .....plo r-nt in
e...plor-ent ( NB!. , A) ~oe equal lOO.
ee. i n s ector j Jo f a re a A 'erv" th.lt
i nl wor ke rs .. re .. . . umed to oe rv" the

oeclor j in count , A i. 400, .econd-or de r
n.t '" 100 of t h" 400 nonba.ic ..-plo,

.re . ' . fi rs t-o rder dem4nd . , The r emain
second -o rde r demands o f bot h . re • • •

The e.t ima t .. of nonb .. . i c empt orm" ne In .ec to r j . e rvi ng .eco nd- o rde r
ne ed . is uoed in t he fo ll o~in ~ mRnner :

, 2 N ll f ~ (( PI • PI, ) ~ )0 0 /6000 • O. ~
j loA A

Thu. , t he nonb... ic ~plo~nt "qu.. t i on l or . ector j for . r"a A would be r "pre 
...nted ... :

The proc e.. outli ne d ..bove c..n be ".tende d t hro ughout Ihe h i e r a rc hy 01
highe r -orde r d.."",nd...nd .. r e I f ..n .re . (] . e rved •• a t h i rd -or de r trade
cenler fo r both .re"s A . nd II nd s e rved .. . a s econd - .nd t hi rd-o rde r ce nt e r
fo r .re.. C (note tha i a h i gher- o rder a r". c.n . " rv.. di f f e rent funct ions fo r
d iff e r en t are•• ), th" ) wou ld be cal cul at ..d • • :

,
NBf. 0 •r, NilE . 0r ,

I
' j

. PI· PI ), 0

Si ne...r e . (] .erve. t he enei r e reg i on . its t hi r d-or d.. r , nonba . ic emplor-ent . n
s"c to r j wil l re s pond t o inco... c ha nge . i n an, o f t he fou r a r... . .

The firS! u'" of g. ..... to ..ni... ' e nonba.i c oct iv i t y " OS ' n on " conOll ic l
d"mogrophic .cd,,1 con' l ruc ted by ~oun t o i n We . t re.ea rc h f or the ~ i d-

Yello... ton" Ar" a wide Pl anning Or l .nie.eion . ! fi ve-coun ty r"gi on .n Mont .ln• •
Thi. w. ' • c r ude aet""'pt eo aCCOunt for mark" ~ -a rea effece. u.i ng .. t wo-orde r
h ier.l rchy. Ye l low. t one County ( 1 . I Li ng s ) w" , assum..d to b... . ..cond -orde r
co uney . .. , t h the oeh.. r fou r co unt ies fo rming its mar k..e area. Pi r.t-orde r
Ra~. ~ere c.L c ul at ..d on • co unt y- by-count y b• • i • • wit h t h~ a ve ra ge . e rvin ,
... the fi r st-o rde r dpmRnd e H im.Il" for Ye \ lo lOstone co unt y . 2

The ~.e of g.mma• • the co nc ep ' of 4n ..~onc.i~ h i e r. rcby , and mar ke t a r....
we r .. tb ..n inc orpora'ed int o t he A r i ~ona EconomicfDe.cKr.phi c Pro jec ti on Mod.. l .
Th... tate ... . div ided into fi rs t · , . ..~ond · . ond t b i rd- o rd.. r count ies , dep..nd
i ng on ,i1e . a nd the r e l ..vant ..rket area . de l ine. t ..d , The g.... . .... r .. t hen



c. lcu l ate d on a count y- by- count y ~t' i s. beg inn ing ~i t h t he firs t or de r and
proceed ing throuKh the h ierarchy .

The pr i nc ipal probLem wit h both e ffo r t s wa S t h.t t he eomputed g~s were
ba '''d 0]'1 a ve ry limi t e d ]'I u.t>e r of eounti es . I'or e . Ample , i n Ari ..onA. t he fo u r
fir st-order counti es form.-d t he ba l i s f or ..st imat ing f irs t - ord.. r d..ma nd fo r
all 10 highe r-o rd e r eountie.. ~ i sc las s ifi cat;on of a second-orde r eounty a ' •
fi rst -orde r count y . o r • un ique ch.rac teri.t ic i n one of four count; e. , ~ould

si gni f ic. ntl y " ffec t the re l ul t l . Since t h.. co nce pt o f t h.. gA~1 il . by
n. t ure , an ".v.. r.lI. .. . " i t ..... de . ir.bl e to mini.i .... t he ..mp i r i eat "b.. r ra t i on s.

To i nc r ea , e the b.se of an. l y.~~ • • • tudy o f 121 count; e. i n the Nor the r n
Cre. t Pl. in. wA' conducl e d i n 19/ 1. The purpo . .. . of t he ,t udy ...ere t o
i d..nt ify t h.. econe-;e hi er.rchy fo r the re g i on, det er.i ne t h.. mar k.. t . r ... .
leryed by eAch t r.de cente r . and e s t i..te th... ppro pri .t .. I'~I. The fi r . t
.tep .... s to r.nk t he c ount i e s a ccord i ng to a n i ndi c.tor of ,i'e and fo rm
e l u.ter. t h.t Cor re.ponde d to d if ferent leve l l i n t h.. economie h i ..r.rch y .
~It . ba, ;c ac t ,y; ty va l id en t ified . nd .ubt ract ed f re- t he to t al emplo~nt

of e.ch lec tOr. The l a.... ~re c.leul. t "d f or .11 f irst-orde r place s • • nd
the Ie ve r e t h..n a ve r . ge d to .. , t ima t .. fi rlt-orde r demand . Monb, s ic e. ployment
re l.ted to cond-orde r d....nd "'a s t h..n e.ti.at ..d fo r . I l s econd-or de r pl.ce, ;
th .. g r...v.. r.ged and u.ed to c. l cul. t e t h ird- or de r d....nd for cou nti es
o f this level i n the hie r . rchy .

Eve n the e 'p.nd..d ••mp le d id not provi d... I . r g.. e nough nu.ber of
oble rv. tions to deter mine re . s on.bl ...y.. r . ge r , l. t i on.h ip. f or d~nd ;n
d i f f , r ent - .i . ed pl.ce, . Of the 11 1 count ie• • J& ~re e li .i nated bec,u l e t he y
v.. r .. thouKht to h.ve .typie.l ~conomi c ,tructurel. T.....n ty- .even of t h..
r.... i n ing 8~ .....r e cl "l ifi~d . 1 f i r l t - order are.s . 44 I' se cond-or de r . rea • •
• nd 14 • • th, rd-order countie . . In .dd i t i on to the pr ob l ... r elat ed to the
lmal l numbe r of oblerv.t ionl . it . 110 bec.me .pp. ren t t hat a t hr ee-orde r
h i .. r . r chy woul d not be re a s ona bl e fo r mo,t a r e•• of the co unt r y out, ide t h..
Northe r n Cr • • t PI" in. . I t .... . lub.eq ue ntl y dec i de d t h.t .dd it ion" l re .ea rch
I hould pur.u~ t h~ fo ll o... i o ~ poi otl :

2. Define "n econOmlC hi era r chy th. t ...oul d oe rv~ • I . r ll.. r . more co,"ple .
, eo, r.p/'dc are.

J . I nvestigat e tile ~..ste nCe of i nte ne, i on.1 d i fference••nd the i.pli 
t . t i on. of t he di fferences t o imp.ct . s . e ... ..nt a ppl ic. t i on• •

The de .c ription of the ...st rec en t .ttew pt to qu.nt ify the r.. l.ti on .ll i pl i .
t .k..n fr om rese. rc h St,-.ri zed , n • paper t hled ·' s pat i . l I nt e r . c t i on a nd the

KOde l Arlzon. Off ice of Economi c Pl.nn lnl . nd nev..lo~nt. 1911).
2S~ Ch. I_ r . e t al • • " Spat i al Inte rac t i on in Spa tlel y Popul. t ed aeli 011l:

An "ier.rchi c. 1 Econom i c 8• •e Appr o" ch . " I nt ..rn. ti ona l Resi on.l Science
ae v i ..v. 1 (1 918 ), pp 75-92 .



I'.:co nomic Hierarchy ,n t he We H ;tn Un i t e d Sta t e , , " by ~ou f1l a i n We n Re ' ea r ch
fo r the Burea u of Rec l am4t iun ,

The 11- , t at e re l i on In t ~e we,tern Uni ted St ate, t hat i••e rved by the
8ure~u 01 Re c l ama t i on ~. , 'elected ~, the 't udy a rea . Ma de up of I O~4 coun
t,es , the a r ea i s d iverse in term. 01 the c~racter . nd di.t ribution 0 1 it.
econ~ic ac tivit y.. The dat ab••e wa S obt.i ned fr~ t he Bureau of Economi c
An.ly.i. , Rel i ona l I'.:conu.ic "e • • ur .....nt Div i.ion , aDd iocluded pe rlon.l
inc~ , e.plo~n" and population filu rel fo r 1915 . The level of dil.~reRa

lion wa . Ihe one-dilit SiC brea Kdown; aRr iculture , .ininl , .nd rede r.1 .ili
t.ry .ectorl ~re e .cluded becau.e 01 the nearl y complete balic nature o f
tho. .. . ecto r. f or ~.t countie.,

The fi r. t t"", , a port . n l rel ..a rch t asKI _re c ~a r.ct.. r i. i na th....conomic
hie r.rChy amonR the cOunties in th...t ud y a r ea and d.. t .. rmin ina t he are a •
• erved by e.ch ma r ket cenle r. Alt .. r ranKinl all counties in t h mpt ..
acco rd inR to per . on. 1 i oco~, whi ch wa. f ound 10 be a be ll .. r r ..p e nla lion o f
mar ket func tion t h.n popul .' ion , clu'ler a nal y, i . U. I uoed to d i sl inau i . h . i .
di.t in c t hi e ra rch ical group.. Knowl edae o f t he . t udy a . e a Ual used 10 a~ ju . t

e rrOr, a~ng t he c lu. t e r . fo r obvious cLa•• i f i c a t i on .

The ne lt s te p ~a . tn con.truct ~1rket -a r e a map. lo r or de rl I UD t h rough
IiI . A mAp wAS not requ ir..d l or l h.. fir " o rde r , s ince Al l c ouot i ", .o r"
a" u"",d tu be s e lf -s uff ici e nt .tt th i s 1" ·1el. The t u de ce nt er! at eacb level
we r e i de ntifi e d On t he a ppr op r i a t e map a nd t be marke t a re" se r ve d by e ach cen
te r ua l de l i nea t ed ba . e d 00 d i . lance , t he t ransporta t i on net uork , and phy.ical
ba r r i er. be t ueen co mp.. t i nR cent e r. . The map. were t hen r ~ v ieu~d by the Bureau
of Me cl ama t i on an d State pl ann in~ a~en c i e l and ue r e a dj u.t ed based on t be com
.... nt. r ec~ived .

An iaportant S l ~ p in lhe p roc~ l s i s s epa rati n~ ba. ic ' 9d non ba. ic empl oy
_nt for e sch seclor . I n t he Mo r t h~rn Cr e,at Pl a inl st udy , t wo-d i l it e.,p loy
_ nt dala , census info rmal ion , and pe rson.l contact I wi l h knowl edgeable Local
sourcrs uere he l pf u l i n aak i nK lhe ad hoc d i s t i nc t ion. Suc h a n e f f or t f or t he
988 a .ea. in the 8ur ..a u of Re c l amal ion' , effor t ua , c lea r l y not pr , c l i c a l . A
_t hod of indi rec i e. l imation ua l req u ired a nd .ubsequent l y deve loped .

To some e.tent , al l I he comannl y u.ed .ndi cec i e s t ias t ' on t echniqu~s r e ly
on the pre.ise that induced act ivi l Y shoul d be d i ,tribul ed leol •• ph i c al ly in
about the .a. propo rtion al the va riabl e s ruponli ble fo r it . Locn ion quo
tientl and .ini.... r equ ireaen l t~chni qu~1 are t uo frequent l y u.ed _ thod • •
Koueve r , nell he r o f t hes.. wa s l u i tab l ~ fo r the ",, "t ern United Statel sa",ple ,
becau'e neither c an accounl f or I h~ e f f e c t o f sp.t ia l int .. r ac t ions on induced
activity.

26£. J . Ander.on . S a tia l Interac t i on a nd the Economi c Hi e ra r ch
We s t ern Un i ted St a t e s 8ureau o f Rec la..t ion , EnK i nee r i ng .nd
Cente r , 1981).

21"Spatial (nte rac lion i n Sparse ly Popul at ed Reg i on. :
Economic 8" . e " ppro ach . "

* I t shoul d be not ed t hat t he ori ai ns l 1,O ~4 oount y ' amVl e Ua ' compr esled t o
988 by cOIl.i de r i nll multi c ounty SP<\SA 'I .. one c oun t y ,



To deal ~ilh . he s e is sue. , , er thod ~a' devi sed ba sed On l our-d i , i t
counly e~ploy~nl d,t , obt "ned fro. t he U.S. Ar. y Con s truct i on En~ i neerin~

Research La~ rato ry ( CE RL) . The co~nt ie. wer~ se g re~ ' t e d by o rde r , ~ i ch

,110~ed an order-,pec i f i c l oca ti on quolien t to be ca lc~la!ed to r each . eCl or
a nd o rder . The ind~stry . i . pro bl em o f u.i ng loca t ion quotient . wa ' .in i~i ~ed

.ince the calculat ion. are done at t h.. t our-d igi t l ..veL By group in, th ..
counlie. acc ording t o an e conc., c h 'e ra rc hy. ..a ch counl y wa. compa red to ot he r
c ounti es w' t h .imi l ar ec onom,c i nf ra ot ruc t ure • •

A fina l . t ep wa s ~eeded before the ga~s co uld be calcu lated . The .ec 
t oral four-digi t ba. i c and total -~pl o,...n t dat a ~re s~d to t he one- d i ,i t
leve l. The r.t ios o f ba.ic- to-to t a l emplo,.ent for ea ch s ector and count y
~ere m~lt , plied by the corre .pond ing BEA employment. Th" ..,a . then sub trac t ed
f rc. t he tot a l empl o,.ent , wh i c h yie ld..d t he e . t, mat e of nonba. i c " . ployment
that wa s u.ed to ",lcul'te the g.-ma ••

Despi t e the ef lo rt . t o . tanda rd;~e t he . ampl e and el'.i na te l a rge abe rra
t ion• ••ome co unt ie. with in ..ach l e ve l of the hi era rchy had c a l c ula t e d Ra~.

t ha I .... re su b.ta nt ial l y d i ffe r ent ( e i the r highe r Dr l o~er ) t han the ave rage.
The -olt probable cause fo r t hi s i . t he eaistence o f countie s ..,it h inordinat e
l y Ilr lle Or . mal l , moun t. o f bas i c employmenl (rel ative to the r eg i onal
a v e r . ~ e . ) in cer t a i n s ec t o r . . It J, S re . soned th. t t he . e counties ~ou l d d i .
t OTt the t r .... " a"erlll"" q..a l i t i ..s .o..",ht by the r e sea r c h••0 they wer..
eo c1..ded . The th resho ld fo r eli.i nat i on o f obs e r "a t ion. wa. plus Dr minus one
standard de" iation I ra. t he calc.. l a ted eran . The or de r-.peci !i c ave raa e . ~re

th..n ree. t i~t ..d wi t h tho.e ob. e r va t ion. e limina t ed .

Tab l " ~ . how' t he impti cit de finition of t he orde r . 01 the h ier archy in
t enas of th~ a~ e ra~e pe rlonal i ncome f or t he co..ntie. i n each or de r . A••hown
by t he .tand. r d d~~ i a t i on • • t he s i . e o f the counties in the . .. l le.t ,nd larg
est order va ri e s gre. tly , ~ i th rel. tivel y mo re It. bil it y i n order . 2 throu~ h,.

Ta bla 6 pre .ents the e s timated a~' for nonba . ic e.plor-cnt f or e. ~h of
. e ven . ec tor, for t he . i . o rder . ,n I he h iera r chy . The i nterp retation 01 t he
gamma. i • • traightforwar d . EA~h c oe f f , c i ent .ho~ . the nonba . i c ~~ployment

re' ponae to a $1000 cha nge i n personal i nco~ (,n c onstant 1912 dolla r.) .
Thu•• in the ser vice . l ec to r , for e aa"",l e . $1 .i11i on o f per . ona l inc"... i.
e.pected t o i nd..c e about 4 . 1 nonba.i c job. on the . e r vices .ecto r i n a fir . t
o rde r count y . f n a second·o rde r county , whi ch .... u l d be se rv i ng lMl th it . own
firlt- ord er need. (4.) j ob. ) and , t o own l acood-o rder need. (t .1 j ob. ) , the
nonba . ic re.pon.e to $1 ., I l i on 01 p.. r .ona l i ncome wo.. l d be ~.4 jobs . Simi
t . r l y. a ' e cond-order coun ,y l e r"ing a . t he ..rke t cent er f or a ...ll e r .
fi r .t-ord.. r co unt y woul d bave 1.1 nonba. i c jobs f or each $1 . i ll i on of per
,onal income in the small er ~ ount y ,n ito market . rea.

The c .....l.ti ve ga-.. show, tha t t he l ou l re s pon se o f nonba.i c .er"ice.
e.plor-cnt t o a $1 . ' Il ' on c hanae i n personal inc... i . ,bout 8 .~ job• • Ho....
ever , on ly i f t he change i n perlona l i ncome occorred in a , ioth-orde r count y
~ou l d the ..f fect eaperienced by , ,ingle co unty b.. this large. Ordinarily ,
t h i s cumu l a l i ve ef fect i s d i . tr,b.. t ed ,song d, l feren t counti es a t di f fe ren t
t e ve l. i n the h ierarchy .
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Pr oduc t i v i ty Adj ustmrnt o f the C.m.a s. The fi n.l consi de rstion i n deter
.inin~ non b.sic employment i. to de t e rmine whether .ny chAn~es c.n ~ . nt i c i 
.... t ed i n t he re l. ti ons h i p ~tween nonlMs ic employment . nd pers ond inc_ Over
t he projec tion pe riod . Technololicsl c h.n,e , incre. sed e.pit.l inten.ity , .nd
incre.s ed levels of hv.an csp lt. 1 i nve.t~nt wi ll . I l c.use t he output/I .bo r
ratio . to r i l e . The i ",plic. tion is t h4t while i t i. reA. on4b le to e. pect • I
pe rcent inc rea .e in re a l pe rsonal i nca.e t o l e nera t e An equal inc re.,e i n rea L
output (as.u-in, t he de..nd for non~lic 10od••nd servicel h•• an inc~

el.stic ity of one) , t he i nc re••e d de..nd fo r output il unli kely to inc re.se
t he demand fo r e.. pl oyed pe r.on. by a enr re, pond i ng amount betAu .e o f .et u l a r
i ncrea . e . i n produc tiv i ty . The 4d ju l tmen t mad e t o the Kamma. il the ot he r
.id. o f the re.1 w. l e .djustment resul t ins f rom ri .i nl pro duct i v i t y, Re.1
w.le . wi l l be hilhe r in the non~.ic .ec tor. ; howeve r , ' ,nce t he .... f.c to r.
are res pon. i ble fo r the hi ghe r re . l wage . , a g.ea t e . a" ount of output c.n be
produc ed wi t h g i ve n l ab or i np" t • • Therefore, the umma l wi ll decre. le ove r
t i_. A•• re s ule , t~e fo llo... i n ~ .djuSl .... nc i . .....de . Th" l.m.a. in year " t"
are equl to th" v.tu.. of t!l .. coeffic i ent in ye. r ~t- l .. ti_1 one .inus the
project"d ••te o f prOduct ivit y i nc r • • a. fo. t he ' ndu. t ry .

S..- rl' ~onom'e .nessment mod.l. h.ve h.d two prob l e.. . I nduced
employment r••pon,e, .nd , t he refo re , econa.ic .nd demol r aph i c ~ltiplier, h.ve
bee n overesti.. ted fo r .. rk e t centers b..e.us.. the rol e o f ma r k.. t ·a r"a p.. r son. 1
i nco me wa . not r e cogn ,~ed in Kener.ting nonba. i c emp loyment. " Second , t here
wa' no wa y to t r ac e the . pr..ad e ff ect. of ..cono.. ic ' mpac t. a s t he y moved up
through . relion'. cen t r.l -pl.ce hie r . r chy . f or e•••pl e , t he econo.ie s ub
-:>del o f BII!A."l i. now ba sed on re lati on.hip. that du l with bot h o f the se
pr oble... . In duced employm~nt re.ponse. have been ad j us t ed a ppro pr i .tel y fo r
.. r~e t ·a r e a ef fects .0 t ha t ~ul tipl ier•• r e me asured more acc ur a te l y . Thi r d ,
bec.use th.. hier.rchy of counti ..s h• • be.. n de f in..d and the econa.;c l, nk.ge •
..ang th.... have be en e.ti .. ted . it i s pos. i ble t o ul e BREk"l on ~l t i c oun t y

a r e.s . nd to study t h.. ap. t i.1 d i .persion o f '.pact • • te~ inl fr om . n ~ c t i on

withi n the ~rea .

For many area., ~ lar~e p~rt of p.. r . ona l income i. no t d i rec t ly re l . t ed
t o wage. and .al a ri e., A. de f i n..d here , non l . bor I n c~ may be a s -..ch • •
one-half the total ,ncome o f the relion , . : t hough n.t i on.l l y i t on ly
repre. en t ••bout 2) perc..nt . A .. jar ca.pone nt of nonl .bor i ncome i. t rans fe r
paym..n t • • T.a nl f .. r payment I are pe r l on. ' rece i pt s f r~ Cove rn..nt . nd
bu. ine..... t or whi ch no . .. rvi ce . are cur rent l y rende r ed. Soc ial .ecur i ty
r ..ce 'pt • • nd ot he r types of ret irement benefit. make up • I. rge s h. re o f
tr.ns f er pa rment .. The o t he r ..jor c. tegor y of nont . bor inca.e i . d i vid..nds ,
i nt e rel t , and rent. This r epre.ent. i ncome rec e i ved f . a. t hi ng. such ••
• t ock. , bond i , .avin(s account., an d property .

*Po. e'A~pl e , if moSt o f t he t r ade sec t or empl oyment i n a rel'on. l c..nt er l i k..
Billings , MT, il a t t r i but e d .01 .. 1y t o pe r i a na l inc om.. i n y.. ll owst one County I
t he i nduced re. pon.e in t r ade . ecto r .... p Loyment for a c h.nge i n per ,onal
income in Yellow.tone Count y ...Qul d be gro l s l y ove r e . t i ..t ed bec.u.e , i n fact ,
much o f t he tr.de-sect or emplo~nt re.ult. fra. pers onal i n c~ occur ri ng
t h r ou ~hou t the Billings market a re a .

"



Two othe r a d ju.t~ent ' t o l abo r i nc~ ar e nee ded t o derive t ot a l pe rsona l
inca-e. The per.o~ l cont r i but ion. for .oci al in, urance incl ude the empl oy
ee ', . hare o r t he pa ymen t ~de to .oc ial . ecu r i t y Or ot he r pen .i on prog ra. ,
a nd r ep r e . ent • reduct i on i n i nc~ r ec e i ved . The .econd . dju.tment .ccount.
fo r t he ra c t l hat sa-e peo pl e wor k in one c oun t y but l ive in a nother. Since
pe r , onl l income by place of re, idence i. needed. a re,idency adju, t ..nt i .
~de .

The V. rlOU, nonlabor income co.ponent, of per , ona l inca.e I re projec t ed
., fol l ow.: the port ion of t r l n ,fer pa~nt. t hlt i, • • •ocilted wi t h
ret i re-.nt inc~ ( .bout 6~ perc ent ) i. re lated to t he ,i~e of the r et ir...nt
popul .tion. Thi . ...n, ,h. t • • t he .i~e o f t he re ti r...nt poputation
inc re• •e, in a count y . ret i r~nt i ncome i, . 1.0 pro j ect ed t o inc rea.e .
Divi dend' . intere.t . rent • • nd the nonretlrement ca.ponent 01 t r .n, le r
pa~nt , are r e l .t ed ( 0 the l e vel 01 l . bor income in t he count y. Per , ona l
cont ri but ion. l o r . oc i . l in.ur.nc e . re hand led .imila rl y , .nd the r e .idency
ad ju.t..nt i s .l l o~d to i ncre••e Or de crea.e Ove r ti...ccurdi n ~ t o • ra t e o f
c ha nge ' uppli ed by the u.er .

labo r ~Irke t Su~de l

The l abor mar ket .ubmodel evaluate. the con.i ,tency b~tween the labor
, uppl y pr odu ced by t he demograp h ic , ubmode l and the l abor demand produced by
the e conomi c . ubmode t . If t here i ' a n e xce • • of jo b. relative to t he .ice of
the labor for c e (that i. , if the i mplicit unemployment rate fall. below .ome
pre .pec if ied lower bound) . it i • ••• ume d that balance wi l l be ree ,tabli.he d
be t we en t he l uppl y a nd d e~nd for I.bor by i mmi gration of l abo r f orce
en trant ,. However , i f there i , .n e.ce•••upp l y of l a bor ( tha t i , . if the
i mplied unempl oymen t rate e.ceed. t he pre.pec ified uppe r bound ) , it i . a . , umed
th. t outmigr a , ion wil l occu r . ~hen the unemployment r.te i . Ie •• t h. n t he
uppe r bound but gre.ter t ha n the l owe r bound , t he re wi l l be nO empl oymen t 
re lat ed mig r ation . becau, e t he labor m.rket i . ba l a nced . nd the pr o j ec t i on
proce., continue. t o the nex t yea r .

Wh en the impLied u n~plo~nt r a te " out.ide t he r ange e.ta bli ,hed , t he
n~ber o f labo r (orce .' g rant. requ ired to a ch ieve l abOr ma r ke t b4lance mu. t
be ca lcut a ted . The l abor fo rce .ilr . nt, a r~ . l locat~ t o , ge Ind , e z Iroup'
ba . e d on t he ind~str il l cc.po.ition of the e r~omy . The n~ber of dependent.
a,.oci. ted with the tabor f orc••i l r an t . i. then ca l c ulated . ei v.n the nev
level o f population . the r.l a t ionlh ip be t wee n t he ' upply and d...nd for I,bor
ha ' to be con. idered aga i n, The.e it e r.t i on. con t i nue unti l t he i.pl ied une.
pl ors-nt r .te i, broulh t wi t h i n t he u.er- ,pec if i ed bound, . "Iur. ~ .how. the
rel ,tion.hi p of t he labor sar~et .ubmode l. The .peci f i c quantitative ,t ep'
u. ed i n the . u~del are .~riced below.

The basi. (o r t he e.ti~t l on of l a bo r demand i . t he l .ve l o f t ot. l
emp l o~nt pr oduced by t he eco no-ic .adel . Si nce t hi , re pr e . e nt . l he number
o f jOb' i n the county r. ther t han t he nu_ber of per, on , em pl oyed the re , an
ad ju.tment mu. t be made to conver t to a num be r of pe r , on••nd pl a ce o f

"
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r.~;dPnCe conce pt t o en.ure definition ol con ~ i st ency with t he lobor l uppl y and
pop ulation figure. . An adju.t~nt fl c t or i~ c a lcul . t ed ba sed on t he
popu lltion .~tiBlt~ fo r the li rs t o r s ubleque nt f o recllt ye.rs t hlt hi ve been
s upp lied by the uI. r . Since the model benthmark~ to pub Li shed e.pl oy.ent .
pOpuL. tl on, and I . bor [orce e.ti ~te~ , t hele . e r i e ~ o r t en move inc on~ i.ten t ly

wil h re. peCl lO one ano ther . The ~djuotmPn t f a ct o r a l .o prov ide l a mecha ni sm
to cd i brate th" model to " ><t e r n., l da t a onurteo.

The initi.1 ... timat .. 01 I.bor ovp ply '" u l cu l. ted by _ l t i ply ing the
su rviv..d popul.t ion in e ac h Ige and s .. . coho rt produc ed by t he de.og raphi c
oubBocl ..1 by th .. corre.ponding U'P R (lobo r l orce I'Irti ci l'l t ion ..te) . The Lr PR
i. the proportion of people 01 • coho rt t h.t are work ing o r a ct i vely lee king
wor k . Plrticipltion r. t ... v i i I v. ry .mong covntie' . I nd there v ; 11 a l ~o be
d i f f erence ~ among coho rt. . Ro se , ..a r pa rtic i p" tion rit e s ..y be Id ju. ted
dur i ng the fnr.c.~ t pe riod to a ppr o. i ma t e the u.e r '~ es t i ma tion o f th .. ir
probabl .. fu t " re beh avi o r . Th; . i . don e by a l l o",i nR th.. rate o t o conve rg.. to
na t i onal projec t i on s publi .h.'d by t he U.S . lI"pa rt mpnt of Labor . Th i~ i~ a n
e .ped ol ly import ont adju st ... ' nt for par t i c ipation n t u fo r certain c oho r t • •
particul arl y pri -e aR" ~mpn and .. thn ic .inorit i .. .. l ince t he ir r a t .. s I re
ch.oging r ap idly. Th.. re fore , h 'oto r ic l l ro t .. . ",i l l t yp ic. ll y unde re st ima te
p. rt,c 'pation of aome group~ . Conver~ence to the nat ional r l t e l i. I wa y t o
i nc re••e th~ ability o! t ho.~ grovp' to It t. io l abo r fo rce . t . tu s wi th in t h~

confine. of th .. .cd~l ', ,t ructu re . Aft er t he linor forc e port; ciplt i on rite s
a re .pplied . the tot. 1 Ilbo r suppl y i~ f ound by s~ing .c ro.s II I the age and
. e . &rou p• •

The "n ..mpl oyment ral e i m pl i ~ d by t h" l a bor .uppl y and la bor demand ..sti
mat ..s i. e alculat~d a . a m"ans of e. t i ~ating t he amount of mi Krat i on need ed in
a g i ven yea r to bal ance Il bor . uppLy and d..mand . Thi l r ate i . t hen c~pared

t o the us .. r - . vppl i ..d lo"'.. r and uppe r bovnds. I f i t i , high.. r t h. n t he uppe r
bou nd , outmigral ion i. a ••umed to oc c ur . Conv.. r ... l y . ; [ t h.. un..mpl or-ent rIt e
i. belo... th .. lo_r bound , i ..-; gration i s . .........d.

The i.pl ied n~brr 0 1 repLoyed .igrlnt s t~ ca l c ul l ted by taking t h.. dif 
f e rence brtw..en t he d..s ired Ll bor fore. need _d 10 ach ie ve the l ove r - or vppe r 
bound une.plo,..ent ra te a nd the e ot i.. t ..d I l bor force . If lIigra t i on i. indi 
ca t e d, the miKra nt . are a ll oc a t ..d to e ac h o f t he I I .a jor indu. t ries a ccord i ng
t o the re l a tiv.. ch. ng.. in ..mpl oymen t in eac h . Indult r y-specifi c dat a on aKe l
.e. char.e t er ilt ic. of employed mi Kra nt l ar .. t he n a ppl i ed t o .Iloeate t he
miKran t . t o a pprop r iate 'Ke . nd . .. . coho rt I . The mi Kra ot . are .Ilocated to
.ing l e -year-of - aRe coho rto by a ,sullinK a cOns tant d i l t r ibu t i on "'ith in I )-yeor
cohort . Famil y ch. r.c t e ri.t ic. a re t h..n d.. t ..~ined t o .. 't imal e t he . i ~e and
co-pOl i tion of the .a.ocilted famili e • •

, ...il y Chl rlcteri.tic~ . The f alli ly chl rlcter i s ti c s cc.ponent •• t i..l es
the ~ i~e and age dis t ribut ion o f de pendent s . c comp.nying i...i &rantl t o ( or
le.v inl with out . ' gr ant , fr c.) a por t ieu La r count y. The ... e sti..te~ ore ba.ed
on th~ fol lowing da t . input~: I oe t o f marr ioge probl bi l i t i e ., In Ige-of -v i f~

..t ri . , a nd Ihe ~ u r vi v a l a nd f e r t i l i t y r l t e ~ .



The r~qu ired marriai~ p r nb~bil iti~s were ohtAi ned fr om thp U.S . 8ureAU of
t he Census , U.S. Cen , u. of Popu l At i on: 1970 . Il owever, t hese pro ba bi lities
"ere .va i labl~ by . in g l e - yu r -of- . lte onl y be t wee n t he a lt'" o f 14 a nd l O. For
' ge. beyond )0 , t he ...rr i ' ll,e rat e . were Iti ven by • ~ -year coho rt . To conv~ rt

t h ~u da ta t o si ntt l ~ -y~.r -o f -"jJ'" i t os ...""",d t hat the ~ - y e .. r cohort proba 
bility ... . id" nt ic. 1 t o r a l l _ o.er • •

The all, e- of - wi l e ~.tr i. i , • t Ab Le of pr oba b i l i ti", t hat ll, i v~. t h" pro ba 
bil i ty of .. maH i ed "",n' , wife be inll, a ce r t a i n number of yea.. younjJer or
ol de r t ha n him. el f. The .ubmodel convert . t he re l . t i ve 'll,e ' t o actual alte, .
For ~.ampl e , i f there . re 100 ma r ried ... Ie. who , re 24 ye. rs oLd , it i. ne ce s 
sa r y to kno.. how ...ny 10-year-ol d .. ives .. i l l be a . socia t ed wi t h the 100 ... les.
A v. l "" o f 0. 1 in the aa e - of - .. ,fe ..t ri . indicate . that 10 out of t he 100
.. i ve. c.n be e ' pec ted to be 4 yea r s youna e r t han t hei r 24-year-o ld hus bands ,
Or in .. act ua l t p rml , t h ~re .. il l be lO .. ive. ..bo a re 10 year. o ld .

The ba l i c da t a ne"d" d to co nst r uc t t h i. t a b! e were Obt a i ned f rom t he U. S.
Ce u ul of Popu Lat i on : 1910 and ar.. for t he Un i tl!'d St. t e s popul.ti on. The age
e.tr..-es ( t he .. ife be ing more t han 10 yea r s youn&e r o r .are t h.n ) ye . r . ol de r
t han he r hus~nd) we r e eli.in. ted , . nd the proba bi li ti es a , sociat ed .. i t h these
e . t r..-es .... r e d i st r ibuted t o the r..ma i n in• • ges .

The pr oc"s s o f . ppl y ing f .m i l y charac t eri, t i c . ('e" I'i gur" h ) i , f i r. t to
obt. i n t he number of mal e l , by . i nll. l ,,- yea r-o f - a ll.e , for a par t i cula r ,ubvopula
tion ( 1) .* The ma l e . in ea ch a ge co ho rt . r e t he n ~l t i v L i e d by t he ca r r e 
. pond i n& ... rr iai" prObabi l ity gr oup ( 2) . Thi. r e . ul tl i n an el t ima t e of mar-
r i ed ..1,," by l inltl e-y" ar-of-a ge (). The .&e - of-.. i fe t r i . (4 ) i . t he n u.ed
t o calcul . t e the e . pee ted . g'" of t h" .. ive. (5 ). Th" n be r o f ch il d re n by
, in gl e - yea r - o l -age t hat can be •• soei. t ed wi th the.e .. rr i ed ~men i . c . l cu
l a ted by a ppl yi ng t he fe r t i li t y pro lM bilit y se r i ... (h ) . [aeh .... rr i ed fe.... le
8ge cohort i s mult i pl ied by the fe r t i l i ty pr oba bi l i t ies , bpgi nn i n ~ wi th t he
ag e Iroup o f t he fema le c oho r t a nd c onti nu i ng down IS year l Or until t he pro 
ba bil i t y for 15-yea r-ol d f~lel i. reach ed, ..h i cheve r cOmes f i r st. Th, s
yi eldl the nu.be r 01 chil d ren Ir~ in lant. t o l a- year- o ld l as.oci at ed .. ,I h
e ach f.....1e co ho rt . For eaa.V1e , t h" nuabe r of 40-year-o l d r r i ed f_ le. il
_ h ipl i ed by the 40-yea r- o l d fe rti li t y pr obabil i t y t o e l ti t e the " ""' b<! r of
i nfa nt l a ,"oc ia t ed .. it h t hil ag e gr oup. The n...be r 01 l -ye. r 90 Ld chil d ren i l
the produc t of the numbe r of 40- yea r-oLd femat e s mult ipl i ed by the r" r t i l i t y
prob.bility for 39-yea r - ol d fem.! e • • The number of IO-ye. r- o Ld - ch l ld ren a • •o
ciat"d .. i t h the 40-year-o ld female l i . the nu-be r o f 40-ye. r-old f emal e . mul
t i pl i ed by the lO- year- o ld fert il i t y prothlb i li ty . The youn&ett ..a t h" r i .
a ,"~d t o be 15 , a nd t he ol delt a chi l d Can be a nd s t i l l be al l oc i a ted .. ith
t he f..il y i . 18 . The refore,. 20- ye a r 90ld ..r ried f ..... l . c. n h.ve ch i l d r en
up t o 5 year. o ld. Since t he o l de . t f" rt i l i t y ra te i. fo r 45-year- ol d
fe.. le • • t he ma a i mum ag e for fe.. l e s .. ith child r" n i l 6) ( 45 • 18 ) .

Once the number o f chil d ren of e 4c h age a • • oci a t ed with eac h fema!e
coho rt i . c a l c ul . t ~d . t he numbe r o f c hi ldren in e.eh a ge grou p i . obt a i ne d by
s um.i na Ove r the .. r r i ed f~le coho rt • • The l ot . l numb<'r o f ch ild ren in e ac h
grou p i . di vided i nt o .. Ie••nd f ....le. by ap pl y ing the r . tio of ..Ie to
fee-I e births (I ) , t hus yi e ld ina t he n..abe r of chi ldren by Ie. and .i ngle-

*The numbe r . i n parenthe se s a r e . i mi l a r l y labe l ed In r i~u r e 6 .
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yea r - of-a ge (a) . The al e- and .ea-.~cif ic e~mutat i ve .~rviva l rate. (to)
are then applied t o t he nu.ber o f children in each age .nd sea c ohor t t o
e.ti~ft te the number in ~ftch group e a pec t ed to survive to t he i r present ftle
( 11). A finftl adju ttment i t to .ubt r act an y children t hat are mar ried .ince
Ihe mar r i ed chi ld ren are ••s ~med not t o .ig rate wi t h t heir famit y . Thi. i .
done by a ppl ying t he marriage pro ba bili t i e s to the I S- th r ough la-year-old
.. Ie and fe.. l e . ( 12). Th i s y.e lds t he n~ber o f ... . i ed chil d . e n ( I ll .

Si nce the . ubmodeL gener . t e s . n e .timate o f ma rr ied fe.. le. (S ), .ome o f
wha. ma y be i nclude d i n the in i t ial s ubpopu l a li on , an ad jus t~nt ~s t be made
to el i~inate the doub le-coun ting. ~a rr i .ge prObabi lities (t\) are a ppli ed t o
Ih e fema l e . in the i niti . 1 .u bpopu l a t , on ( t4 ), yie ld ing t he n~ber ma r r ied
(16) , wh ic h i. t hen r emoved f rom the initial subpopulation ( 17) . The finat
s tep is to a dd the n U".~ r ot ma rr ,ed fema let a nd ch i ld ren t o the inil ial sub
population inpul st e p ( 2) +( 1)+( S) +( I J )+( 11) ~ ( II) .

Com.un ity Al l ocat ion SubmodeL

The co~ni t y a tl ocation su~el is ~ted t o . tl oc a te the count y- l e ve l
pop ~l a t i o n pr o ject i ons of the mo~el to spec i f i c c o.m~ni ti e s in t he s tudy area .
The 4110 ca tinn proc edure add r e s s e t each co mponent of populat ion change
i ndi vi dua ll y . Population change f rom Ih e pr ev ious yea r i. equal t o the nat
ura l inc r ea te (b irlh••i nu. dealht ) plu. retirement .is ra t i on pl ua e.pl or-ent
relal ed . i ,.a l i oo. Emp lor-eot . igrat ion can be f~.the. t ubdivi ded into mo~.

con.t ruc t i on worker. a nd at l othe r emp lo yment migra ti on enmponent.. Each com
ponent i . all ocftted .cco rding to one of three communi t y di.t.ibut ion. gene .
ated by t he -ode l or a cc ord i ng to a uee r -.pecified d i.tr ibution.

The fi rs t d i.t r inut ion generated by the -ode l i . a f i aed d i s t r ibut ion
equa l to the c ommun i t y ' ••hare of the county'. population for t he r i r l t fo re
cas t year. A l e con d opt ion i. a va ri ab le d i . tr i bu ti on e qual to the c~uo

i l y '. Iha re of t ~e coun ty '. pop~ lation f a . t he yea . prior to the pr ojection
year ( i . e ., t he d i .tr ibut i on in I~S~ uou ld detenmine the di.tributi on in
1~S6 l . A Ih ird opt ion i. ba .ed on I he grout h e xpe r i ence o f each co.-un i t y
betwe~n the lalt c en. u. year I nd the fir.t (o recast year relat ive to the
counl y ' . ove r l ll growth e aper ience . Fa. t hi s opt i on , t he a l l oc.t i on fac t ort
are ca l c ul ated by .~ing Ih a change. i n popu l a t i on ove r all t he communi tie.
and t he n . s t i..tin~ t he re l a t i ve I ha r . of t~e count y popu la tion change e aper
i enced by eac h communi ly. ~ove r con ltruction uo . ke r . and their dependent. are
t hen Ill oclted on I pr o j ec t-ny-project ba . i . ac cor di ng t o t he .110C lt ion
I.s~ption. c a l culated i n the con.truc lion uorker . ubmodel . Once eleh e~
ponen t of popu lat i on change ha. ~en a llocated , the t ota l cha nge f or each c om
Run i t y i • • ~...d and added t o the previoul yea r' , com.u nit y popu lati on , yield
ing an e.ti mate of the cu r rent ye a r' . population .

Tva add it ional c a lculat ion. a re I hen ..de i n t he communit y al locltion
. ubaodet. Fi •• t , the t otal nu.be. o f hou. ing units by communi t y i . ca lcu l a t e d
i n a t hree- step pro ce... The uter . upplie. the nu~ber of hou.eho ld.
a.socia ted wi t h e . ch mover c ons t r uc t i on uorke r . The ave rage hou.ehold si~e.

fo r the popu lati on 60 yea r. o f age and o lder .nd for the re ma inde r of t he
populati on are al.o .adel i nput .. An ave rage c hange fie to r can a l.o be
a ppl ied to each hou t e ho ld .i~e p" r amet e r to al l ow for . e cular trend. in
household .i~e. The t ot at number of hou.ehol d. in the c ounty il then

"



al located t o the c~nitie~ ba~ed on t he d i ~tribut i on 0 1 popu lation . Second ,
t he n~be r of ch i ld ren i n t he ~chool-a~e cohort~ a re al l ocated to each
cam.u n i cy in t he .tudy area ba.ed on the com.uni t y d i .t r ibut i on of t he
populat i on . Thrae .choo l -,.te cohort. co rre.ponding to e l..-nt ar ,. , juni o r
lIi llll, .and h ith .chool group. a re Include d i n BII EM . Fi ll,..e 7 . _ r i ze . Ihe
overa ll H ruct ure o f t he co-m ic y al l oc u ion ."t-od.. l .

The prev l OUI . e c t i on. have presented a deta i led d i.cu •• ion o f the eRE~~

s ubmode l. a nd t he t heo r i e s on whi ch they a re ba.ed . Hi. t o ri ca l ly, one fa i lu re
of th is t yp~ of de l c ription ha. bee n t o ca . t a model i n l uch .. favorabl e light
t ha t read.. r . "" re mi .l ed abou t t he app lic.ability of the pr ocedures . Wit h thn
in mind, l hi . "'el i " n "ill di,c" , " . nm.. of the mo re . " ht l .. A.pect. of the mod
e l tha t a f f ec t t he manner in "h i ch i mpa c t a . leS. ment l a r e compl e t ed . It il
not intended t o be • defen.e of the me t h"d o l o ~ y . but rather a. an expl an ati on
of I~ pec u li a r ;t i ~ 1 o f which pot .."t 'al u'er ' . ho" l d be a"a re.

A rea l i s t i c appra i sa l o t eRf~~ ' . c once pt "a l f rampwor k r e vea l . appeal int
a . prCl~ . B RF.~"t pr ov ide . a mechan i t a l . e..p i r ;ca l l y baled _ Ihod o f producinl
con.illent projec t. of populal ,on , ...p lo~nt • .and ; nc~. and the re i ore . i . a
way t o eval "a te t he ob je c t i ve r e s" l c a produc ed by differen t a a, ,,...pti on l about
i n l t r u.ental econo. i c and de-ogr.a ph i c va r iabl el . The .cde l ', , t ruc tu r e
empl oys a re la ti ve ly de t a il ed de-ot raph ic .tr"ct"re , a , c r ai ght fo rwa rd ecOnO_ ·
i c f ra_ work, and a . prc i f i c acc ounc ing f o r ...ny 0 1 the rea l work variables
t hat are most s ub je c t co change (vic at r a t e . , mig ra cion . l a bo r f or ce pa rt i ci
p. c i on , and t he . pa ti ,. 1 i nte raClion among d ifferent- l ized econom ' es ) . The
r ~.u lt i s a tool t ha t t an be ule d for i mpa c t asse. lment i n d i ffe ren t wa y. i n
places wi t h a var i ety o f economi c and d"~l raphic I t r uctur~ l.

Howe ve r, the mnd~ l does have l i mi taticns that a f f ec t hew as.e ••ment pro
je c t l mu st be app ro ach.,d . It ia the mere subtle a l pe ctl of t he mode l t hat
di ctate the st e p. of a g i ve n a S se l l~nt. The fo llo"ing d i .cul .ion i. de l i gned
to ac qua i nt t he pot e nti a l user wi th l ome o f BREAM 'I featur e l and pre lent t he
a ppropria t e t e chn iques to c apitd.~~ on the " ode l ' . strengths and limi cat i"nl.

r i r . t , th~ u l " r .houl d be famili . r with t he ove r.1 1 t heo re t i c a l f r ....wor k
of t he -odel , par t i cula rl y how the . u~el . i nteract . Sec ond . t he u.er au. t
have knowledge 0 1 che l cc a l impa ct Dr pl ann ing a r ea. One e op l;ci c purpo.e o f
BREAM , i n addi ti on t o i t . f ~ncti on al a planni ng and •••e . ....nt t ool , is co
provide a Itructured fo~t fo r cOl lecci nl relevant locioecona.ic da ta a nd fOr
analyzing rel.c ion.h ip. to be use d in eff~ctive impact pl.nni ng . Used cor 
rect ly . 8R~~ i. an i.porcant o rganizationa l t oo l t hat ,.llow. the "ser to bet·
ter "nder'tand the a re. being st "di ed .

There a re l i _ i t a t i onl of the model wh i th affec t how impac t l are asselled.
The.e a .pec t s may be c" n s i de red inherent " e..kn e . ~ e s. al t hough t he y do not
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" ..c..surily d.. t r act l ro ," t h" -.:l<!'l '. or al"d p"qIO~" .' Th.- " . .. . .." ot 1><, C0l!.n l 
~ant of t he fu nctions that BMEAM cannot .. f f ..ctiv"ly f u lfil l . Aw. r ..n.... of
th..... l i",i un i ons wi ll h.. l p , n lnt .. r pr..ll not t h.. modd '. out put ..,e li.tlcall y .

Lead. and Lags. A pr obl e. .ay b....ncount .....d u.i ng 8g~ , n a n
a's s~nt or planning .tudy in whi c h oS lerg.. besic ~plo,..nt chang.. oc c urs
ov a short p"riod of t i.... Th.. eod<!'I '. st .uc lur" p, ..." ppol " S t h. t th..
.. . ag..naul chang... in besi c ~pl a,-.,nt .nd i nd uc..d ..f f "Cl S OCcur
conc.. r ntly. !lec ...... t h.. 1IlOd..1 d... I. wi t b " ..""...01 ..... r . g... , " It is d i ff i cu l t
lor th t hodo l ogy to lort o.. t pe'K ...plor-e"t on any be.il oth.. r than an
.ooual on Si.ilarly , til .. induc..d chan g... do oOt a Pp"a r until th.. belic
e-plo,-.,,,t h.s be..n int rodl!C..d. Uofo rtunat ely, r ..al ~rl d situations ..y not
corr... po"d to these ass~ption•• P..ak ..",plo,...nt .. y be s on.l , and th..
..ff ..ct. of ."ch • patt .. rn ~.. ld not be W<' I I r .. pr.. . ..nt ..d by ri ... o f . .."rage
annu.t dat•• AI.o , induc..d .... ploy:nent ...y not be ConCurr..n, .. ,t h the ba . i c
...ploy...nt .ti .... I .... Th.. r e i. e .. i d..nc .. tha t i nduce d con.truct,oo activi t y may
anticip.t .. project init iation, an d t h.t i nduc..d empl o,-.,n t .c tiv i t y .. y h. .... a
t hr ..ahold li",it wh i ch d ictat ..s int .. rna l c hang... io l abo r k<!' t St r uc t .. r e
(c h.ng.. s in wor King hour. or .kill cl • • s > pr'o r t o I . r !!. d jus t .... nt v i .
chanR"d ..n...ployment o r . iot ra t i on . Th.. r l t i l tha l th .. i"' pli ..d l t i pli .. r •
.... y .. ' th"r o.." ."sti "'a te th .. . ct ..... i nduc "d ..ff ..ct s, Or incor r ..ctly ti the
.nticipaled ~nn... l ch. not... , Th" h• • b....n .. pr obl " .. in ..e r y . ",.1 1 .r"•• t ha t
h.v, up,'ripnced • l. r K" b•• ic employm"nt eh. nll" t h. t w• • r .. l. tiv" l y . ho rt
l i ve d .

Int"rind ... try P.. r eha l .. . . Th.. ..cono",i c . ub",od.. l of B~F.AI1 h. 1 . n econo",i c
bal.. fo ..oda tion and , ••• uch , ha . no "Kpl i c it c on. id.. r.tion of i n t .. r indu s try
porcha.... . Thi. mayor ma y not b.. • probl em, dep..nd i og on th.. ex t ..nt of l oc. 1
purch. . .. . of in t ..rmedi.t e 1I00d . in . n . r.. . . If th.. i nd i r ..ct b.lic act i vi ty
. e la t ..d to • projec t i ••ub .tant i .l , t he 8R~ dat . ~ . t b.. sup pl ..-ent ..~ wit h
Ie.<' ""ti.. ,,, of tho. .. effectl. A t o...1 i np..t-out p.. t .ad.. 1 b d on pr imary
d. t a i. not likely to be • co.t-.. f lec t i v.. . I t .. r nat i ve. None t h.. I I , .. . i .t i ng
d. t . On , nt er i ndo. try t r.o• • ct ioo. ~u.t be r ..v i ..w..d c. re f .. l l y to . ccoun t fo r
, . por t . nt lorwer<! or bac kw. rd l inkal\e • • nd to id'~ti f y a ny i nd i r ..ct b• • i c
e.plo,...nt •••oci .ted with the propose d pra j..c t . The se da t a $ ..It t h..n b..
inc l ud..d wi th the di rect basic eIIIplo~nt i np.. t s to 8REAM.

!.abor Forc .. P. rt i c ip.ti on . AI BREAl'l .~ cu r rentl y cortfiRu r ..d , th .. I.bor
.. rke t sub-od.. l ..v.I ...... s th.. conlist ..ncy of l.bor suppl y proj ..ct iooa wi th t h..
I.bor dem.nd ,.pli..d by the a rea'. pr o je ct e d ..conosic .c .ivit y . Labo r ma r K.. t
i-oalanc..s are ••s~d to initiat...d j u . t ...n• • , " ' t h the princ i pa l ...ch. n i • •
beinl ...ploymeo.-rela '''d .'lr a"on . Acco rd ingly , t h.. .ad.. 1 i Rno r .. . any . t ruc
tu r.1 chang... tha' ..y oCC.. r i n r ... pon... t o l abo r mar k.. t i~bal anc .. . A pr i ..ry
ch.nle th.t i. not .. . pli c itl y .ccount ..d fo r i. t h.. l i ke li hood t hat I . bor forc ..
pa r ticipation r . t .. . may fl ..ctu.t.. wi th ..conoaic oppor t unit y . Al thoullh the
.,xpl icit ...chaois. of 8KEAl'l .. y ..ark W<' I I fo r . k i ll ed occup. t iona th.t depe nd
. ub.t .nti. ll y on i~port ..d l abo r unde r mo.t dev.. 1or-ent .ltern. tiv..I , t h"
r" . pon.i v..n.... (of 10c . 1 labor IOa r ke t . ) und.. r t h..... ci rc umat.nce . i . pro ba bl y
unde rs t a t ed . Id..a l ly , l a bo r fo rc .. p. r ti ci pation ra t ... s houl d be t reat ..d ..ndo-

28An a ccept ab l" method to ". ti mat .. the i nd i re c t b• • i c req .. irement . o f ••ma l l
a rea wi th .pa .... i ot "r i nd... tr y pu rc h... .. d. t . i. d... c ribed in J . A. Ch.l m....
and E. J . And"r.on , Econo",i c/n..mog r .eh i c A•• e••me nt M. nu. 1 ( 1971).



ge nousL y a . a f unc tion of bot h d~g~aphic and @c onomi c chA~ac te ~istic • •
Un fo~tunate l y. no t enough is yet ~no~ to ea~e pa ~ t ic i pation ~a t e s endogenous ,
pa~t iculArly for ~ural a~@aS in ~ich A si&nificAnt A~unt of the econc.ic
e s pans ion is occur ring. Therefor e . t he uSe r shoul d close ly e samin@ the labor
f urce pAr t ic ipA t i on dltA be in g us ed fo r a B R F.~~ run and eVA l ua te the probable
effect s of the propnse d I c tion un thu. e r i t e • •

App l i c at i on to LI~ge Urban Area., One .hortC~l n~ of 8R~~ hAS been
identified in a ppllcltion. to Ilrge urban I re.S , The relativel y li.ple <a.
op posed to a cm. pl.s ~ I t i . ect or . input-output -ode l) econc.ic ba . e f ramewo~k

does no t re ad i l y lend itlel f to a nl l ys i . o f comp Le s economie • • especi aLly if a
propo l ed pl ln i . a . ma ll cont ri bution t o t otal economic aCt i v i ty . AI .o , t he
l abo r m. r ke t i .ba lance is.ue de . c~ i bed above is pa r ticuLarly ge rmane to l a r ge
u ~ban a real . And t he e lplicit eYa luation of const~uction worke~ behavio r can
be acani nl l . s s fo~ IreaS wi t h thousand. of e l i sting const ~uction e.ployees .
Although 8R~AM ha. been used fo r a nal ys i s i n l a~Ke ur ban I~eas. its coapa r a
ti ve I dvan t a ge l ie . in itl a b i l i ty to I. s e s s chAnge . i n . mal ler r eg i on• •

WI ge., P~oduct iv it y , a nd the Gamaa •• The fi naL qua l i f yi ng reaark. a bou t
8gEAM conce~n t he saamas and t he a.sociated va riabl es t hat present real-wage
and p~oductivity adjunaent. , The concept of the g...... i. appealins : t1U're
is • quantifi able re lation.hi p between income and induced economic a c t i v i ty .
Th i . re l atiun.hip i. el s ily comp uted a t One point i n ti ~ . A. t he model i.
c u ~ r e n t l y con f i K ' ,~ e d , t he "S_I . "nd ~ e l L WI"e o I ~ e sd j u. t @d fo~ fo r ec ai t
cha n"es in produc t i vi ty. Ko weyer . t he.e a d ju .t~nt . .. y not accur a tely
~eflect the I ho rt· r un pat te~n of wa ge s and ~ploymen t fo r .a-e .@cto~s i n a
liven Ar~a . Th@ probable ~ Iten t of th~ dil f~ rence. bet ween the -odel 's f or e
cas t o f the chanses i n g• .ma. a nd tho.e t hat a c t ua Ll y occur is unkno wn.
Al t hough the d i f f e rence • • ho~ l d be ins i "ni fic a nt.

It is important to r e i t er.. t e tha t 8REAM i s a si_Iation 1IIOd@1 . the
pr inc ipa l f unc ti on o f wh i c h i. to a l Low the u.e r to s Ylt ematical l y e l amine the
ec onomic / demo g ra ph ic impli calion. of e spl i c i t a s sumpt i on . About In a re. '1
f utu~e . A••uch , the mod@I 's p~ inc ipal ~ol e i s not to pr edict t he f ut ure , but
~ .. t he r t o all ow t he implications of d i ffe~ent assumptions fo r t he fut u~e to be
eVll ua ted . It is then t he u.@r's r e s pon . i b i l i t y ( wi t h public input a'
a ppropr i a t e ) t o det @~i n@ whi ch . s s umpti ons provide the -ast . en.ible
foundat i on fo~ pi a nn i n" and ISles.ment ac t i v it i e s . 8RF~ then .e rves " " an
o p e ~a ti o nal t oo l t ha t Can be ul ed to t ~ ac e out the es pLi c i t e conomi c and
demogra ph i c i mpLications of t he a s sumpt i on s i n In e fficient and mut uall y
co nsiotent fls hion .

"



1 RECIONA L INDUS TR IAL NULTI PLI ER S YSTK~ ( RI~S)

I nt roduct ioo

Th~ R~& i ona l I ndust r ;al ~u l t i plier S,ste- ( RI ~S) is a se t 01 proc edures
t ha t Aen~ rat~. i nput-output (1 -0) type i nd u.tri a l ... I tiplier. for an y coun t y
Or .ul t i-count y ar~a i n t he Un;ted St a te• • The ~thodolo&, desc ri~d i n this
cha pt~r i. th~ .~ a. wa . developed at Ih~ Sureau of ~ c on~. c Analy. i. ( SEA)
and th~n i.proved and e. t ended b, Res i ona l Ana lyt i c l . 2

RIMS produc~ . 1-0 t ype ~(t ipLi~r • • That is , the , re lat ~ chanse. i n
r ea i o.,. l s rols out put. inc..-e. Or e.. pLor-nt to chan&e. in a lpeci f ic-i ndu lt r y
final de~nd for the re a i on. Th~y a re u .~d in regional econo.. 'c i_pact anal y
Ii. ju.t li k ~ the "",I t ipl i~r. f ro .. any r ~g i on. L i n put - out put OlQd~L . Ci v~n an
i nitial c hang~ i n e s ports . love rn"ent ~ .pend itu r~s . Or a n, other co.. pone nt of
fi nal d~...nd. these ..ul t i pl i er s ca n e' t imat e the c ha nge in to taL gras ' output .
i nc..-e. or employtr>ent. I n add it ion . R I~S " .H ima t .. . t he i ndust ri al d i str ibu
tion o f t he gron out put. inc ome. and ","p loytllent c ha nge •• 'D thal an ana l,st
...y a l s o ~v a l "a t e t he d i ' tr i but i ona l ••~ct. o f reS; Dnal econ".ic i mpac ts .

The ..ultipl ie r-e.t i~t ins procedure fol lo" s I ro.. t he dec~po l i t ion ef the
"ul t iplier into t "O co mponent s: (I) the direot oomponent , I nd ( 2) the indi
ren-induoed compone nt . The direc t component i. ~sti mated by " r el\. i ona l i z in g"
a ool umn f ro m t he me . t recent Na t i onal Input-Output ..ode I , u.inK four-d' l\. 't
Standard Industrial Cl a•• ificst ion (S IC) lecation quotien t . so.. puted from t he
most recent County Ru.ine,. Pattern. (CBP) employment datl . J The indi rect
induced component i. based on it , relatien.hi p wi t h the d irect component . t ak
inA i nlo acceunt a r eg i e n ' . economic . ize an d indu' tria L . t r uc tu r e .

U. in g lh~~~ ... I ti p l i ~ r, ha s .~veral advant.ge •• 8e inR 1-0 t ype mu l t i
plier • • they provid~ re . ul t . wh ich are s pecifi c t o a ~rti cula r r e~ i o na l

i ndustry . Furthermor~. ~cau, .. of the r e l a t i vel y d i aaggreg.t ed .ec to r ing plan
( i . e • • a beut ~oo i ndu .tr 'al , ector, ) , ana ly" s ~y be pe rfo r ....d a t a de ta i led
indua t ry l ~v~ l . thu , avoiding t h~ ~r rO r. wh ich OCCur when d i ff~rent indu s t ries
ar . coab ' ne<! . Th~,e ... I t ipli er• .1 1. 0 of fe r a con,i ' tent ,~t of aa.~ption l

. cro. , r ~ l i on l. m.~inl co-p. ri.on. ~tveeo region , more ~an ingful than would
~ th~ ca l~ i f r~ , u l t . vere ba'ed On d iffe r ent proce du re. and cDnvention s .

The re.t of this chapt.. r d i . cu' .es i nput-ou t put .naly.i, i n lener.l , the
I IM$ pr~..du r .. , i n parti cula r , . nd the da tabases ne e d..d to i . pl ....nt il~S.

29 l ndu,try-Spec i f ic Cr e,. Output ~ u l t i pl i ~ r . for BEA Econa. i c Area , (Bur~au o f
Economic Analy.i. I REA], U.S. Depa r tmeDt of Comme rce , Janua ry 1911) ; R. L.
Drake , CEi L- RIMS: I'l et hodo l ogy and O<>cumentat ion (Keg i on.l Analyt ics , (982),

1DThe Detail ed in ut-Ou t ut Str uc tu re of the U.S. EconOlll; 1912 Vo lu""," I
and I I U.S . Depa rtme nt of Ce.."e rc e , 197'1 : County IIu.ine.. Patte rn.: 1980
(Il.S. De pa r l"e nt of Co""".c" , (982) .



t nput -out put An~ly. i .

Even t houlth W. ui l y Leontie f i. I . ~ltely ~e.pon.ible fo~ the _d,,~n deve l
o~nt of i nput-ootpu t . n. l y.i., emph•• i. on interindu. t ~y ~e l a t i on . h i p . C'n
be t raced •• f .~ back •• 1158 in Fr.ncoi. Que.na,'. t.blelu [conoaique ! nd to
tl'le develo~nt o f Leon W.t~ ... ' gen.... 1 equilibri ... oao<lel o f t he 1810. ) 1-0
t .ble ., ~hi ch fo rm t he he. r t of ;nte ri ndu. t ry . n. ly. i . , hive been c~piled for
m.ny countrie., inc l udi ng the USSR . In t he Unit ed Stl t e • • 1-0 tabl e . for bot h
n" ionaL . nd lubn.tionaL (i.e . , countie. , It a t" . , "tc . ) l"vell . re .v.il"ble .
National 1-0 t a bl e . for the Uni ted St a te. are con.t ructed pe riodic.lly by the
U.S . Depart.ent of C~rce; the .o.t r ec ent one available il for 19 12 .

Over the palt SO ye.rs, inpot-o.. t put econ_ici h•• become .....U
e. t . blilhed I nd i. ve r y popu llr amo ng reg i on. 1 I nl ly. t l . In I. r lte pl r t , thi.
popul " rit y i. due t o t he f l e.i b ll i t y of the model I nd t he " r i c hne u " of itt
re . ol t • • Tn i . i. ".peci .ll , . ppe.ling in • fi e ld wher e the prob leMl of da t a
a va il ab i l i t y I re gr e. t Ind where t he ore t i c. 1 con.t ruct•• re .i.ple. And . f r_
a theo reticat point of view, 1-0 In.l y.i. o f fer•• gene r.1 equilibr i~

I pproach to re g i ona l i ....e • • r a t he r t han t he plrtill equilibrium .na l y, i ' of
it. cu.pe t i tor. ( i. e •• econe-ic- ba.e and reg i ona l economet ric _del.).

Inp.. t - out put model. gener.lly f .. lfi ll two function. : (1) ••et o f income
account. whic h .l'Iow. the re lat i on . h i p be t ween indu.t rie. and between inp.. t •
• nd o.. t put ., and ( 2) I .. . eful . n.l ytic t oo l vhen cert.in economic • • • umption•
• re Bade . The fol lov in g d i . c .. . . io n co ncent r.te. on the Ic counti ng frlmework
o f 1-0 Inlly. i • •

I n put-output ana l y.i . e lplici t l y con.i de r. al l of the in t errel lt ion.h i p.
betve en an economy'. indu. t rial .ector.. Thi . ....n. that the ..nufl~ture of
l 0od ••nd .ervice. i. "trace d th roull'I" .1 1 t he ttep. of production . not j .. 1t
t he c re.tion of " nev _I lt h . " In te r•• o f ule • • i np.. t-out put I CCO..nt. p. rti 
t io n t he • • l e . of e~c l'l i ndu.t r ial . ec to r a ccord i n_ t o i nt e rmedi l t e I nd f i na l
u.e . . In t er~d i ate ule. Ire the •• le. f rom one .ec t or t o .no the r , Ind repre
.ent t he good . I nd .ervice. conlumed du r in_ t he produc tion of ot he r c ommod i
t ie . . fi na l u'e. are the •• Ie. to the end ... e • • o f each ind... t ry'. conmodi
ti•• (e . I . , cOnl..... r con.~ption , _ove rnment purcha.e. , i nve.t ...nt , and
e ,por t . ) . For r egi on. 1 i np.. t-o.. t put Iccount • • e .per t. include bot l'l , "te. to
othe r part. o f the co..ntry a nd to forei _n demand . 5i.ilarl y . ltove r~nt pur
cl'l , " e. i nc t ude 10Cl t , Stlte, and Fed era l governmen t e, pend it.. re ••

".th~tic.lly , each i ndu.t r ill . ec to r of , for i n.t . nce . a re l i ona l
economy , ha . a typical di s t ri but i on of •• 1• • ;

,..., [ l!q 8J

)I K• W. Rich.rd. on , I nput -OUt pot a nd Rel i onal [conc.ic. ( Weidenfe l d and Nic o t 
.on: London , 1912) , p 7 .

32 tn put-Out put Ind Re,iona l Economic. , p I.
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where

Xij " ~ sale from regional industry

1ik l. a sale from regional indu.try

to regional ind"stry

to final demAnd .ector k

Xi 1. the totaL of all saLe. for regional ind".try i

• L' the number of regional indu.trie.

t " the number of final demand sector ••

Not i ce that Eq a i. ju.t an aLgebraic r e pr e . ent a t i on of a typicaL industry's
.ales, either to interme diate useco (other indu.tr;.,.). Or to finaL userS
(con.umers . e xport. , etc.). A similar equ atiOn can be written that re pre s ent s
the payments for variou. productive requirement. of a typical regional indu.
try : e.g.,

where :

x..•,, ",,., , .,, [Eq 91

is t he payment to value-added sector l (i.e. , labor ,
re nt, profit. , etc .) by industry j

Xi ,. the total value of input re qui r eme nt . for indu.try

u " the number of value-added .ector ••

Note ag.in that ~q 9 i. 'n accounting of • typical industry'. payment. , eithe r
for inte rmediate input. (other indu.trie.) or for primary input. ( l a bor ,
ren ts , profits , etc.).

~h en all of the indu.tries· .ale. and input st ructures have been .peci
fied, they can be combined in the form of a matrix called the t ran.actions
table . A tran.action table i. an accounting framework which .hows the produc
tion and con.umption of aLl commodities produced wi t h i n an economy . The
transaction table can be illu.trated by a mat rix portioned into three quad
rants: a proce.sing . ectoc, a final-demand sector , and a payments .ector .* A
hypothetical t ran.actions table is shoun in figure 8 (Input-Ouput Table) . The
northwest quad rant of the transaction. table is caLled the processing sector ,
becau.e it .how. the productiOn and con.umption of goods and service. fo r each
of the indu.trie. wi t h i n an economy . The proce.sing .e~tor i. a squa re ma t r ix
(i. e., having an e qual number of rOWS and columns); e ach raw represents an
indu.try selling it. commodities to all nf the e~onomy's industrie. , and eac h
column repre.en~. an industry purchasin~ it. produ~tive requirementS from the

*A fourth quadrant of the transac~ions table, wh e re the payment. and fin al
demand .ector. intersect, is u.ually omitted .
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economy'. indus t ~ia l . ecto ~ s . A t ypic a l el~nt i n t he proce'l ing sec t or
.howl a saL e o f a pr oduc i ng indust r y ( row) t o a pu rchas i ng i ndust ry (co l umn ) .
Fo r e . a~ple . one el ement in t h~ proce l s i ng l ec to r might re pr e se nt a sa Le of
ag r icul t ural products t o fIr ms ,n t he f ood- protes s i ng in dust ry .

The sout hwest quad rant i s called the pa~nts sectOr (o r l~e tiMes t he
value -added sector ) , and it a ccoun t S fo r t he to-~nsa tion pai d by t he eCOnO
.Y'I indultries fo r the se rvices r endered by the owne~ 1 of l abo r . capital .
l "nd, and other pri_ry inputs . lJesi des i.po n o, the P" Y"""nl' oectOr includes
,ndul trial outl a ys [or ua . e s ..nd s a la ri es , t a . es , de prec i a t i on altowa ncel .
rentl, an d profits .

The northe ast quadrant ( fin"l de..nd ) s ec to r Ihows pu~chale. by the
finl l userl of t he econo-y ( e .g • • pe rsonal cons~pt ion . l ove r~nt pu rcha ses .
invest ..nt . and e.por t s ). 8y wa y o f compa r ison . the final d~nd sector of a
t ranlac tion tabLe is a n i ndust~y-opecific disa ggregat i on o f t he Ke yne s i an
lncOme-tOn.u~p( ion a ct ount ing l r a~wo rk . Tha t is , on a oi . ple l e vel . inc ome
equals the sum o f consu. pt ion . i nvestment . gov e rn..nt purchases. and ne t
e . ports .

ASlumption s . Given ce rt a i n ~conom ic • ••umpt i on l " hout t he na t ure of an
..cooo",y'. pr oduc t i v.. pr oc e .o... , the i nput -out put I c co" nt o ca n be u. ed t o
de r ive an I nal yl i c tool for m".u u r i " K the i mpac t ' a uoc i at ed "ith a ut Onomou,
cha ngc. On t hp economy ' s out put , employmen t ~ and i nc ome . The r e a re three
basi c a Olumpti on s o f input - ou t put mode l inR: 3

I . Each co-mo dit y ( o r group of co~d i t i eo ) is produced i n a li ng le
,ndu lt r y or secto r 0 1 t he etonom y. I nd onl y one met hod is u led t o produce e ach
co.mod ity ( or group of commod i t ie s ). Conseq ue ntl y , each i ndu.t r y or . ec to r i s
a.sweed to produce a .i nlte and pr i .. r y out put .

I. The quanti t y of inpul l pu rc ha .ed by e ach i ndu.t r y is a func ti on o f
the leveL of t ha t oec to r '. produc t i on . It i . al oo c_nly a s s ...-d t ha t t he
re lati ons hi ps bet~een inputl a nd out puts a r e l i nea r ( i .e . , ho-og..neou. of
de l r ee one. in ..t he-a t i ca t j a r&On) . Thil Il so .elns tha t ee ona. i ..s a nd
d i l e conomi e s of Ica le a s " et l a ' . ubstituti~~ ~Is ib i litiel a.ans i n put ' are
not pouible .

3. The total e f f ec t of e a r r y in. on levera l t ype l o f prod~etion i l th..
•um of the lepar at e effe c tl.

Thi s ,i. pl y . a ys that the input-out p~t .adel i s baled on ' he pr.- i .es
t hat aL l econa.ic act iv i l ies and t hei r i nt e r rel a t ion. h i ps can b<! e . pressed as
a se t o f s imple i npul f unc t ion• • a nd l hl l lhese i npul f unction, r . .. in
constan t dur in l l he pe r i od o f t i.. fo r wh ich t he mod.. 1 i s ap plied.

Direc t l I nd irect, and I nduced Elt ect s . Beside s t he t r ansaction s t a b Le .
I n input-ou t put .adel co nsilts of s eve ral oth.. r ma trice s . Each mat r i.

3l H• 8 . Chene r y a nd p . C. Cl ark , l nl e r indu. t r y Economics (John Wi l e y and Sons .
I nc . : l.ondon , 1959 ) . PI' )3-4.



r~preaent . d i f f ~ ri ~g l e vels o f eco~omi c impa c t s tha t re s ult f ro. an economy
~vin« f rom one pos i t ion of e qu i l ibr ium t o ano ther be ca ua.. of an luto~omoua

chan«., .

'ir at • • i ~c ., p ro duc tion p roc~. ae . are . s s~d t o b@ l inea r . ~ach i nput
~I t b@ purc hl . e d i n a [is~d pro port i on . ;n r et a t i on t o t he ot he r prodvc tive
r .,qu i ......nt • • t o yie ld one vnit of Out pul ." Tbv• • th~ coe ffici ent . pecif y;ng
the .-ount of input i needed t o produce a un; t o f c~i t y j ; 1 denot ed a.
a ij and i. compute d a .

..
, J

• Xij

' j
[ Eq 101

a ij •• ". " '"ount . f co-ood i t y , u.ed ~ . un i t . f ..""
Xij .. • . a Ie ,,~ i nduu r y i r e i ndust r y j

' j .. ". total .a1e . f.. i ndust r y j .

pr oduc e d

If one ha ' .. II the in put req uirem,' nt••pec if ied in t e rm. o f 1 unit of out put
fo r .. co"",,odit y . then the ba s i c " r" d p"" ne eded to ma ke t ha t produc t i. deter
mi ned . !n othe r uo rd s . i f an e.trl un i t of i ndus try j '. output i l neede d to
me., t consumer demand. , then li j uor t h of pro duct i u i l L be required di rectly
fro~ i ndu. t r y i •

..
a "X .

• J J

,
•...h [ I!q III

· ij .. ". l"'Ount . f c-.l ity i u.ed ,.. unit . f ,- j produce d

' j i. ". output . f i nd ult r y j

'il< i . • aal., fro.. indust r , i •• find d.,_nd ..,,,tor •
'i .. ". out put . f i nduat r ,

• .. ". n....boe r . f i ndu lt r i l l sec t ors

*Th" most commonly ul ed uni t o f ou t put i ... mone t a ry valve . such a. a do l l a r .
Qua nt i t y me a ' ur es I re u. ed in 1-0 tabl e. f or the US SR .



II £q I I is co-piled fo r each of the econoey 's i ndust ries . then a ll o f
the equation., con.id.r.d a . a uhole, r.p r ••ent the econ~y'l input-output
structure . Thi. SYltem 01 . i~ltaneous equations can ~ e .pressed in ..tri.
no t a t ion al :

[ Eq 12 ]

"'he re :

~ i. a .qua re mat r i. o t ,npu t r equi r ement . ",i th a typical
e l ement , aij , and ha l • r O"' . and . co t umna

X i. a col ..... II..et or 01 o.. t put values "'i t h a typ ica l e l .."",n t ,
Xi, and has s ro",.,

Y is a r ..ctanR"lar ..t ri . 0 1 linal d....nds . "'; t h a t ypical
el~nt . Yik . and hal I rows and t col ...... .

The A .. t r i . (Eq (2) i. inte re.ting beeaule it d..fi nes the t echn ieat i nt err e
l a lionlhip. bet",ee n e ac h 0 1 the ec onoey ' s in dul l ri al s ec torl . I n ot he r ",ord s ,
t he A ~tr i • • pecifi e. Ihe econom y 'l technolo~ ic a l st r uc t ure . The ~tr i . 0 1
t echnicaL coeffici e n'. (i ,e . , t he A ma tri .) i . o f ten r efe rred to " ' t he
"d i re c t re qu i r emen,." ta ble , beelu.e it .p..ci t i e . and e . ti ma 'e. t he Quan ti ty
of t hOle ~ oo d . and . erllice. t ha t "'ill be d irectl y required a . a r es ul t of .ome
aut Ono=ou••t imulul ( e . g . , • • port. or ROlle r nment purcha l e a ). Stated a l it tle
d if fer.nt l y , the di rect requ ire...nt. tabl e mea.ure ' the d ire c t e f fec t ( in
te rms o f out p.. l ) on each of t he e conomy'. i ndust ri es t hat re . u l t . fro- an ••0
geno"s s t i~ l us .

Sec ond . ",ith t he aid o f ..tri . a lKe br a , t he .i~l t aneou. equa t ion .ys tPm
of the econ~y ( Eq 12) can be ,ollled f or e ach ;od.. 'try' , ou t put i n te... o f
itl Ii .....1 d....nd. ; i.e. ,

[ Eq III

"'he re '

X i. the column v..ctn r of output II1l1 uel fo r ell eh of the
..c '>n omy ' . in du.lr i eo

is an ident i l y " lr i . ( i.e • • I '. down [he ma. n d i a~onal

and O' s eve r Y"'here elle )

A i . the mal r i I of teChnical corl( ici e nts ( note tb~t I b• • the
sa.e d i .en t i ons I' A)

i. the " I..eon[ ie f
e leme nt b i j.

Y i. a co l ..... vec[o r of f i n. 1 de~nd cha nge •

.. tri • • ( (_ AI-I , ",. th t yp ;cll l,

;.,



The "..ont i .. t , nv"ro.. m~ t .i . is ~ho call ..d ttl.. ..~i c t ~ n d i nd i . ..et " ·qu ir.. -
m"nt ," ma t. i •• It <· 5l im~t .." t he in duH . i . l purch th .. t are di.ectly n"eded
not only '0 .ell a n eU.a 'mi ' 01 An indus t.y ' . OULpu' to a fi na l us e • • but
a lso t tlose purcha .... ne eded to s ..tis f y t he d i.ect c hang"s. The se e It ... pur
ch ...e. by th.. econoay '. ind..st .,es r ..flect the , dju.t...ntl i n prod..c'i"e
...qu.r...ent. and in"ento ry chanae. by f, r _S ,n . e .pons e to c h,n.e. in de...nd
fo r their prod..ct ••

Thi.d , t he tlo.....h"ld con. u,"pti"n "eno r of fi n.. 1 d..... nd a n ~ the l abo r
paym..nt . vector "f " , L.... a dded are frequ..ntly au~~nted t o the t ..chn ic, l
...t. i s . Th.. re ... lting sy.t" m of eq .... t i on . i, 'o l " ..d as ~fore fo r t he " ut put.
" f ....ch o f the economy'. indust rial sec tor • • "'c lud ing house ho ld consumption
and labo. , in u ... of final d.,..nd . including househol d con .....pt i on. The
..ddition of hou.ehold, to the technic.. 1 ... t .i I ..nd t he . e s ut t , ng ..u..~nted
Leonl i e f in".. r ... "'l ri l inco r por .. t t he induc..d eff..ct of c hang i n.. inco-e and
con.umption by t he ec"nomy', ..o r~ an d t h.. i . de p..nden t. to t he di . ect a nd
ind i.ect e f rect s ,,1 fi na l demand ChAn..e • • The a URment ed Leonti .. r i nv...s ..
mu. i. i r d to a. t h" "d i ...n , i nd i r ..ct, ..nd induced requ i . ..m..nt ."
...t. i . I><>CI Ieh 01 itl el e_ntl re pre . ..n" the d i.ec t . indi . ec t , and
ind..ced pu .ch by one ;nd... t ry I roa ..nO l h.. r in n.d to .ati.f y one . ddi-
tion.1 un,t of finll d nd ••1... for the pr oduc in c tor. ~od .. l. i n vh i ch
hnu.ehold. I ... not ~u nt ..d to th.. t ..chnic.1 ... t .i ~ 10 c. lled "op..n" input-
n"tput "",d .. ll . Wh..n th.. hou ~ ..hold~ ..... i nclud..d. t he i nput-out put _de l i .
"cl,u..d" or clos ..d ... ittl r"" pHt t o hou . eh" ldl .

, ' , - J4 _ ," ,Mu tiP ler.. The Leonl, .. I n" .. . , .. aa' r '. , heth.. r ..u~....nt ..d to ' nc l ud..
ho...ehol d. Or not . lorms the ba. il fo r mu lt ipli nal y~ i, ... i t h i n the inpul -
outp.. t -adel . The.e .... I t ipli .... pro1>abl y ...~e th.. Leonti .. f inve rse _tr io th,.
.a.t ..... ful of Iny of the input-out put ..t .icel . It lel' t fa. e(ono-ic i . pact
..n. lysi ~. Inp"l-outp"t " ult i pli ,... " c ","" in ...ny colo.. . .. a nd ca.e s hould be
.......c; ...d ... ith th.. i . " "" ..nd i nt,..p r .. ta t ion. f o r e Ia_pl e. m"l t i pli .. r . t hl t
~r .. d.. riv"d from ~ Lenn t i .. r 'nv...... matril not ..u~m..nt ..d by ho,, "~hold. a . ..
c.. ll ..d Type 1 multipli ers . Th i . clao . i fie .. tion identif ies t hem ~. not
i nclud ing the ,nduc,.d e ff"ct. of hou, ..ho ld inc a.e a nd conlumption . Wh..n th..
ho... ..hold ~ Ir" incl"d..d . th,. .... I t i pl i .. r. ar .. c l l •• i l i ..d II Type 11 i nput -
output ..Itipli" ••• Th.. di.cu•• ion h.. r i\l conc..ntrl t .. on Type II ... l ti pli -
.. r l . b.. l th" .. . t ..n.ion to Type I .. lti pli i. quit e " ,.pt .. .

Ano t he r y to clauif y , npu t-out put ..... t tipli .. . . i. a cc ".d ' nR to t hei r
purpo and for ...nmpl ... ther .. a . e t a . ' ..ve nue mul t ipli .. r s. govern,"ent
.ev..nu ,lipli" r •• i n" ..st .... n t mu lt ipliers , e tc . Mult ipl i .... cln be comp ut ..d
fo r .Imo.t Iny typ.. o f Ic t iv ity II 10nR "' t he Ict iv i t y c.n b.. ... pr .. . . ..d i n
t ...... of "per un it of ou tput " fo r e.ch o f the ,.conoay '. indust rial lectOrs .
Three of the .a,t co-monly u.ed inp.. t -out put ..I l i pl i .. r . v i i i be delc ribed
he.e: o.. t put , inco_ . ..nd _ pl0Y""'nl .

D.. r i ving m.. l t ip li it hin th.. input -outpu t Ira or~ i. <\ st .a igh t -
for.. .. rd ,," .. r c i.e. f or , mpl .. , th .. tot~1 (di.ec t . indi c t . and i nduce d ) out-
put chanR" .. ith in In econom y du.. t o .. un it chang.. i n f i n.. l de~nd fo r ..

14Th"r.. I re nu-ero..~ ,ourc... fo r input-o.. tput ~ I ti plie . computations Ind
,n.. l ysi.; d " .. ry Rood source i~ H. W. Richa.d. on. I nput -Du' put I nd Re, i onll
Economic. , Weid..nfi .. ld and Ni co l l on : London ( 19121. pp 11-5 2.



~rt i c u l. r i ndu s t ry ' , prod uct is t he ' um o f t he CO luMn coe ff ic ient. (eKc lud ing
the hou se ho l d ele.ent ) fo r t hlt i ndu' t r y from t he a ugment ed Leontie f inverse
mu r i s , e .g . ,

l Ee! 14J

' " the t otal ou tput ~lt 'plier fo r ir,dult r y j

lS the typ ' ca l el~nt o f t he Iu~nted Leont ief i nve r se
.. t r' K r e pre se nt ing the d i rec t , i nd irect , I nd i nduced
purchase. by indust ry i due t o I un it chlnge i n indus t r y
j 's out put

•
• i s t he numbe r of i ndu s t r ia l . ec t o r • •

Othe r t ype . of multipli e r l are co mput ed by we i gh i ng t he component I of the out
put mu l t i pli e r , ( i. e. , Cij > of Eq 14 .. i th i nduH r y- l pec i f ic pH un i t of out put
f ac t or l . For i ncome mul t ~ pl i e r s, t he f sc t or s re pr e s ent t he i ncome pa id to
..or ker l per un it of out put l i . e . ,

•
'y j · iI I c i j Yi

, . i . the t ota l i nc..- IIU l t i pl ie r fo r i ndust r y j

"

I Eq nJ

y ; u ; nc _ per uni t o f out put fo r i"dul tr y i

y i den t i f;e . the ~tt i p lie r ., .n .nc..- ...l t i p1e r

, is the number o f i nduttr ia l s ..c to r • •

Si.i ll r ly , ...p lo~nt ~I t i p l i .. r , a r e ca lcula t ed by ~ igh t i n g t he ca.pon..nts
of th .. output mu l t i pl ie r, o f !q 14 .. i t h t he ; ndu. t r y-.pec i f ic ...pl oye.. pe r
un i t o f out put rati o. ; ... g . ,

•
" ej .;11 c i j P; [ ! q 16}



,_ " the tot .. 1 ... plo y-mt ....It.pli .. r fa . in,juu . , j.,
Ci j '" th .. typi cal ~Ie""·ot of t he "uK"",nted 1.eon t i ef inve • • e .... t r i~

0ij i s the empl oye e pe r unit of output r.tio l or i ndust ry

° identiliu t he _ Itipll.. r u an emplor-nt mult iplie r

" i . the oumber o f i ndust r ies .

Input - output mOdel . prov ide a Krea t de al o f de t.i l on t h.. economi c t rao. 
.let ions t h.t t ake pt a ce wi th in .. loca l eeonomy and olf .. r so me uod er . t.odin~ a .
t o how ••pa c t . o riRin.. ting i n on eetor a re t r ..n.mi t ted t h roug hOut the econo-
. y. Th.. ... jo r eonceptu.. 1 probl o f this .a4e l ote. f ra. th........pt ion. on
which t he mode l 's st ruc ture i. d.. ri " f'd.

Gro wt h nr ee ooo mi c impac t ana l yoi . io mode l ..d by l inea r pr odu c t ion f une ti uns
fo r ..ach indust r y . Lin..ar i t y impo.... non.ub.titut.biLit y cons t r ai rt. fo r bot h
f a ctor input••nd output. . Any ehanle' int roduced into th" .y.te. -.. . t
con.equentL y e.uae • pro por t iona t e ine r.... .. Or d..c r in i.ling p.. t-
t .. rn.. Li n..arity .11.0 i mpLi ... the ab. ence of .caL cona- i whi c h r un,
counter to i mport an t t heo r .. t ic .L . r~umeotl f o r t he e~i .teoc .. of cit i e • • oame l y
aggl o.... r.t;On and ur ban; "ati on ..cooomie • •

Techni c. 1 coef ficient . of th.. int.. rindul tr y t r .n. action. ... t ri . ar.. a l • ..-ed
tn b.. conlt..nt . tbu. maki nR it di lficul t fo r t echno logical e h.og.. and
p,oduct iv i ty adjuotmeot l to be r .. pre . ent"d i n th... yotem . I f t he.e co.. ff i 
c i ent. a r .. takrn t n be th .. rat iu of t h.. value of t . an• • cti on . to tot al output .
t h..n r .. L.. tiv.. pr i c... and wag.. . ... . t be ... . um..d eon.t.nt . Or ch.nR'" in trad i n~

p. tt .. rn. ( . ~bSl i t u li on a_ ng input.) vi II r .. . " lt ; n ch an g..d co..{fi t i ..nt • •

8..cauop- of the a s '~Mpt i on o u. ed to d..ve l op the i np~t-outpu t mOde L. th.....
mod..l. ar .. only a pprop r ia t e fo r anaty~ in~ . hort- r un pr nblems. A. on.. • • t i me
hod.on .. . pan d l. the possi bili t y of inp~ t . "boti t"lion . t ..chno lo~ic al c h . n ~ e •
.. tc • • ~uld r ..q"i r .. r ..v i s i n~ t he i np"l-o" tpul .t ructu r .. . and at • mini~.

r .. .. . t i ... t in~ th.. I ..c hn ;ca l co.. l fici ..nl s.

Th.. mode Lo .ore .1100 Itati c • • 0 it is hard t o incor poraa dyna.. i c f ..at~ re . i n
t h.. "",del . Il o u s i n~ purrha .es by con. um... . and comple x behavionl re lat ion 
. h ; p' &overnin~ c ap it a L fo r _ l ion by bu.in~ ••e••r.. typ ic aL l y calcu l.t ..d o" l-
.i d.. of t h.. _ d.. l • • nd fo r ..c trd v.lu... ar r int roduced a . r.o~enou. ca.pon-
..nt. of finaL d.....nd. Th og..no". ca.pon..nt ....y th..n be incl"d..d a. pa rt
of an impact a nalysi s by incor por .. ting th..... f i n. 1 d nd coL~IOO' into t he
interi odustry t r an.ac t i on. ma t r i . and t.kin~ th r inve r 0 1 t he au~ment ..d
..t ri • •

Chan~... in r ..g;on.1 .t ruct~r....~ch .IS th.. int rod uc t ion o f a n..v ind".t r y .
a l s o pr e . e nt .. pro bl ... i n th .. i npu l-output model. It i. th .. ..qui ".I ..nt of
add ln~ a ro w and a col umn t o t he input-ou tput t a bl .. and . e c a l c u l . t i n ~ a number



of ne" coe ft;c;ents . I! the ne " indus try is introd uc ed someti me a lter t he
e.ti ma tion of t he ta ble , se rious difficulties ma y be i ntroduced by t he tech
n ique u,,,d to u pdate t.he ol hpr c ndfic ient. if anI' ''' " urvey '" to be avoi de d .

There " re t "o d i H i na app roaches to r Plli on a l input-output mod e l " and ,
consequent ly , t"o . "ts of technical pro blems: input-output table" ma y be con
struaed e i the r b y Cens uS Or . urv"y m" thod s , or hy " b o r r o " i n ~" coefficient.
f rom oth~r i npu ~ -ou tpu t ta bl" ••

If " . u r ve y "i ll b.. do ne r ather l h,~ a lu ll c"nsu. , t.he firs t prob lem
encounte red i , the ,amp lin~ prob l"m . Th" .amp linJ: probl~m i. h"" tn det e r-
mi ne t he to t" l nu mber of f irm., to b" s~m p l"d and ~h<, lll, mber of firms per
ind uH r y . M~ny re ..,arc h,' rs ~it hpr t' nrmu l at ~ a rule to sample the l~ rgeH

employe c. un t i l ~he bud Rp t is e>< hausted . o c simp ly take ~ c3ndom samp l e of 31 1
fic m. . I f the ta. k is to esti mate ind~stry prod~ction functions , t hen the
intra-ind ust ry va.iance i n propo.tion of i np ut. used . hou ld be t he bil.i. for il
samp lin ~ .u le . ~or e xample, if all the fir ms in industry A have i dentica l
production futlctions. '~ h il e t he firms in i ndus try B exh i bit qu ite a b. t at
variance in t he amo unts af inputs used, mOre f irm. in B t han in A mu st be sam
pled to m i n im i ~ e the tota l va riation in t he e. ti mated prod uc t i on f unctions .*

Once the s ampl" is o bta i ne d , fi n ns mus ~ , ,,meho ,, be a!\ ~cc!\ated l nt.O ind us 
tri "s , ~ n d cu r cen t pu r Cha s e s m u . ~ he dis~i nll ~is hed fr om inv~s t ment . If t here
i. a !\rea~ d ea l of divers i ty amaa~ fir ms t hat prod"ce si milar p.oducts or if
, he ce are many mul t i p rodu c t firm" , the prob l em of a !\ !\re~ atinlt fir ms int o
i ndustries may be consi de r~b le . If an I' vie". each fi r m a s an i ndus t ry , then
t he advantage af a mo d e l in as"emblin g iln d co llectitlg d a t a into more mean ing 
fuL ca t e~o r ies is lost . On t he othe r ha nd, too mu ch "ggr"gation " ill r e su lt
in esti mated produc tion functions thAt have lit t le correspondence "ith t he
economy that t hey 3~e "uppo"ed to desc ri be, " nd ", i ll ~ lsa produce b i A" ed fo re
casts . The 3!\~reJ: a tion process depends lar!\ely on the re"earcher 's jud~ment,

~nd fe" s tudi e s s pec ulate on t he errors t hat mi ~ht be introd uce d by t he ~ !!~ re

~at i on sche me.

Whe n campleti !>!! the s urvey. tirm" a r e cequ... ted to l i st t he ma t er ia l . pu r 
chased fo r p roduc~ion . A plant mana lter Or e xec utive of/ice c " i ll l r equen t ly
list purcha"es from their ca pit al account . It is t hen "p to the researche r ta
carefu ll y se pa r ate c ~ rrent f ro m invest ment pu r cha " e " . To t he e xtent t hat t he
t "o ac coun t s o ve rlap. b i a se s " i l l be in trod uced into the mo de l.

~inall y , a f t e r a_sembli nlt th .. d a t a , t he in pu t - ou t pu t t a hle must ba lance ;
t hat is , . ales mus t "q ~ a l pu rchases It t hp. ~able i . to ha ve a n y va lidit y . An
input-outp~t l a ble ba sed On a . ample ", 11 Kene ully oot ba lance a t fi rs t. 'the

35Fo r a comple te de scr ipti on o! t he s ampli ng problem. , • .,e G. Ce r l< ing , " lnput 
Output a s a Simp l e F.co nome~ric Model . " Rev ie" of Eco no mics a nd St alist i cs ,
Vol 58 (1910), pp ]5-4 7-

* I n fac t, if all f irm. i n i nd us try A had i dentica l prO duction funct ion" , on e
""'l I d need t o sample on l y o ne fir m.



reconc i l iation process {tha t is, the procesl of e qua t i ng rO~ 1 and columnl} il
not bued on l!;eneral1y acce pted proc edures. Instead, i t i. based on individ
ual j udgmen t , often in conjunc ti on with i ndus try experta. Thi. i mpli e a tha t
t~o re searcher. ~ i t h exactly the lame dat a may obta in t~o d ifferent i nput-out 
put tabl es, and t he r e i s no i nformat i on about ~hether these dif ferences ~ou l d

be nonJll8.rginal.

Input-out put tabl el con.tructed f rom sampl e dat a are very costly and can
not be c omp l e t e d quic kly . For e . a mpl e , Norman Gl ickman repor t l that t he 500
sector 1958 Philad3&ph ia Input-Ou tput st udy co.t a bout $250,000 and tonk 5
yearl to complete . Wa l te r I sard and T. Langford i nd ic ate t hat the 1958
Philadephi a input-output tab le wal e xpensiv3 to carry out and experienced r e
l earch perlonnel were difficul t t o m~ i n t a i n . 7 AI a r e l ult , fe~ survey-based
input-output projec t s ~ re being done.

I n s um, i nput-out put model. ~ re most appropriate f or s hor t - run forecast 
ing pr oblems where a lo t of de t ail is ne eded or whe re the in itial f inal deman d
cha nge occ urs in one or jUl t • few of t he industria l lec torl . Although t he
detail ed i n f ormati on needed to c ons t ruc t s urvey-based i nput - out put models ca n
be quite cost l y to o~aain , various nOnsu rvey met.hod . (e.pec ially the locat ion
quot i ent technique s) have made co mputing input-output mul t i pl i er. conve ni en t
and i ne xpe ns i ve , e ve n for the . ma Ll e s t geog raphic area . . A. fa r ~. a gg r ega t e
impac t est imation i . c once rned , a number of .tudies have s ~ ~wn the mathematic
a l identit y of input-output and economic ba.e mul t i pl i er s . Thus , ~hen eval
ua t in g t he economic impact of a pr oject i n wh i c h many or a l l indus trial
.ectors of the econom y a r e ini tially affected by final demand Change. , the
economi c base mode l ma y be a better choice. Th i . may be due largely to the
uncertain t y of the e xpenditur e pat tern. gene rated by a project . Howe ver , one
of t he be.t argument . for using input-output mode l . i . probab l y t heir emtha l i.
on ge nera l equ i l i b r i~ a naly.ia rat he r than par t i a l equ il ibrium c hangel . °

RIMS Procedures

The heart of the Rl MS procedure i . t he independent e . t imation of the mu L
tip li er's indirect co~ponent. The 1-0 ~ultiplie r r e l a t e . total gro.s output
t o An ini t ial final demand change for A give n indu.try. The muLtiplie r can
be Seen to be made up of three component.: the init. iAI effect . , t he direct

36a• J. Glic kman, Econometric AnAl ys i s of Regional Sy.tem. (Ac .de~ic Pre•• ,
371977 ), p 35 .

W. I sard , T. W. Longford , and K. Ro manoff , The PhiLadelph ia Revi ew I nput 
Out put Study ( Regional Science Re . earch I n.titute , Mi ne s , 1967) .

3BPor a revi ew o f nons urve y input-output meth od s , see W. Scha ff e r a nd K. Chu ,
"Non. ur vey Tec hnique . fo r Const ructi ng Re g i onal I nt erinduatry Mode l s ,"
Papers of t he Reg i onal Science A.sociation , Vol 2J ( 1969 ), pp 83- 101.

39Por a proof of this ' 0' 0' R. B. Bi lling. , "The Ma t hema t i cal Ident i t y of t he
Mul t i pl iers Derived from the Economi c BAse Mode l and the Input-Output
Mode t ," Journa l of Regional Science , Vo l 9 (191)9), pp 411-3 .

40 I nput-Out put a nd Regional Economics , p t .



~ f f ~c t . and th~ i ndi ~~c t ~ff~c t . Th~ initiaL ~ffec t . a lwa yw ~quaL t o 1. 0 .
~~p~e ,ent w th~ Ini tia l fina l demand c han~e . The d l~e c t e f fect i . t h~ ' U8 of
the f i ~ wt round o f i nteri ndu't ry .al~, . It I ' wlmply t he 'u. 01 t he ~ eg i o na l

d i r~ct r~qui ~~ment. for i nput. fo r th~ indu.try ~ .periencin~ the i ni ti a l fi nal
d~nd chan~e . The i nd i rect ef fec t i. t he ,um o f all othe r round . o f e .pendi 
tu re••

Conw ide r an e.a. pt e of a ~nufactur in~ e' t abli,~nt . wi t h an 1-0 multi 
pli er of 2.L The i n il i a l e lf ..ct c_ponent of t h i s ...hipli~r i •• i.ply 1.0 .
Suppo,~ t ha t in ord e r 1 0 produc~ it. product t he ~'t abliwh-ent ~,t purcha.e a
nu.be r of good . and ,~ rvlce. I ra- other fi r•• in the re~ion . whi ch tota l $0 . )0
pe r do llar o f out put . 'urthersore • • uppo.e that the purcha.e of labo r by the
ewt a bli.hment ~ep re .en t . an av~ra~e e .pend i tu re of an ad ditionaL $0 .20 per
dolla r o f out put. The d irec t component o f the muL ti pl ier iw O . ~O--t he sum of
the .. te ri al a nd l a bor i n,.. t co~fficientw.

The ind irec t e ffect c_ponent i, wistply the ~e , i d ua l : 2.~ - 1. 0 - . 5. or
1. 0 in thi s e . ampL e. It ~ e pre .en t • • IL ot he r ~ound . o f ".p"nditu ~". i n the
r~gion . Por e....ple . if the ..nu fac turi ng est.. bl i.hment mu. t purc ha se c a rd 
boa rd bo. e. ( i . e • • pa r t o f tha d i re c t e ff ec t) . the .anu lac turer . and d i , t r ibu·
t or. o f Ihe , e bo. e, must a L. o purch.. . e mater i .. h t o pr oduc e t he bo.e s . The . e
a dd i t i onal e. pend it ur e . "re e l e~nt . of t he indirec t ef fe ot .

The u.ua l ...ay to u", the i np<lt-out put mode ' for reKi onat i mp llct a nal y.i.
i. t o c reat e Iln i nput-outpu t m"d" l l or t he .tudy re.ll.i on . Thi . ma y be done on
t he ba.i. of s urve y da ta ; ho... e ve r . due to t h" co .t and time involved in . uch
. ur vey• • secondary da t a SOurCe . a r e u,ually u. ed . The RI ~S proced ure d i f f e r •
• I ight ly f rom t hi s u,ua l app roach. Th.. di rect e f fect compone nt o f t he mu l t i 
pl ie r i . e.ti ma ted by . c. Li ng down t he nat iona l 1- 0 t a bl e t o the r~giona L

leye l , u . i n ~ l oca l IOn quoti en tw ba .ed on re~i ona l empl o yment d. t a. Thi • • Iep
i nyo l vew a me l hodology c ommo n Ly u.~d by r e s~ arc her . . However . t h~ i ndi r~c t

ef fec t e'limal ion inyolve. a '~whal d i f ferent a pproach. Ba' ed on t he f ind
i nR t ha i th~ ind i r ect ccaponent c.n be eat imal ed i ndepend~ntly . t he RIMS
a pproaC h dr. .... on add i t ion.1 i nf ormal ion a boul I he re l i on to e. t i..t e the
i nd i rec i e f fec t tha t i . not t ot a l ly dependen t on I he e.ti..tea o f the dire c t
e tfeCl .

The pr incipal ady.ntaRe 01 I he &1, S . ppro ach i. Ihi. independen t e.t i ..
tion o f th~ i nd i rect ce-ponent . fb i. ~an. tha t Ihe indi rec t ce-ponent e. ti 
..te. do no t depe nd cc.pletety on e r ro rs f ound in the e. ti .. t e of the d irect
e ffect .

The cu r r en t ver. i on o f the 8~A RIMS pac~age . known aw RIMS I I , h•• • b.n
doned thi. f ea tu~e i n fa vor of the more convent ion. 1 e.tiaation of Ihe
ind i rect cc.ponent a. paI\ o f the u.u.1 1-0 a pproach (i.e. , c re. t i ng t he
Leontie f inye r,e mat r i. . M. ny re.e. rche r , ha ve poi nt ed to t he we.kne . , o f
I he d i r ect ef fec l e. l imate . , and RI ~S I I a llouw t he ,e d~f~cl ' to car r i ed ove r ,
i n tOl a l . i nt o the i r e. t i-a te , of the ind irec t component . I n conl r• • t . RI MS
i nt rOduc e . new ;nf or.,t;on abo"t t he econ~y i n e' l i ma ti nR the i nd i r ec t

41The Rl~S LI .. pproach i. de sc ribed in J. Ca r t ... r i ght , R. 8ee mil1e r , and R.
CUHeL y . RI~S II: ReR i ona l Ln py e-Out put ~ode l ing System ( Burea u of Econom'c
AnAly. '" U.S . DepA rt me nt o f Comme r ce . Apri l 1981).



effect . The ~esuLt i s an esti mate t hat i. l i ke ly lO be mo~e co nsi .tent ~ i t h

the st ~ucture of the economy be I ng model ed.

Dire",t Elfe"t, E3tirnarim,

The direct ~equiremnnt co effici e nt mat r iK, or the A ma t r iK, is a table of
coeffici ents of t he fo~m

~he~e:

i s t he amount of co "",,odity i used per unit of good

Xij 's a sale fro m industry i to i n d ust~y J

Xj IS total sales fo r indu . t ry j.

p~oduc ed

{Eq 17 ]

Beside. the usual 1-0 a s sumpt i ons disc uued earl i e r , t he nati ona l matr ix of
technical coefficients is re pr e s enta t i ve of t he di rect ~equirements f or a l l
industries , ~ega~d less of t heir l oca ti on. In ot he r ~o r d s . it is a s sumed t hat
the only difference bet ~ee n the na t i ona l and ~e ~ional A matr i c e s . tems from
t he fact that the ~egion mus t i mpo~t , pri ma rily f~om othe r r eg i on . of t he
nation, the &ood s an d se~vites t hat a re no t p~oduced i n s uf fic ient quanti t y to
me e t the technical requi ~ement of l oc a l i ndus t r ies . ! n othe~ wo~d ., it i .
a ••umed that tbe production funt tion f o ~ t he indu.t r y i n t he regions i. iden
tical to that fo r the nationa l indu.try ; the two col umn . of the A mat ~ i c e . f o r
na t i on and re gi on ~ i l l differ onl y to t he e Ktent tha t t he indu.t r y i n the
r eg ion wi l l not be abl e to pu rc ha .e a l l of i ts required i nput . f ro m . ector.
wi th in the re&ion. Thus , e.timati n& t he regional A matr ix invo l ve . de t e r min
i ng wh i ch of t he technical requi reme nt. f ound i n t he na t i ona l A mat r i x wi l l be
provided from ~ i t h i n the reg ion, a nd wh i ch ~ i l l be impor t ed .

The location quotient i. a meas ure of t he re l a t i ve .i~e of an i ndust r y in
a region compa re d to t hat indu s try f or the nat i on . Concep tual ly . t he locati on
quotie nt i. given by

LQi r

x. Ix
, "'C,i'c"• x. Ix, ,

[ Eq 18 1

LQir , . t he location quotient for indus try i , n r egion r

Xir , s t ot a l output for i ndus t r y i in region r

r e f e r s to a summa ti on ~ i th r e spe c t to a s ubsc r i pt

(for ezample , X. r i. t ot a l output f or a l l i ndust r y in r e ~ i o n r ) .



If th.. outp..t of i "d..llr, ' in U,.. r .... ion " $20 ..,I l i on , ..nd th.. tot .. l
reg'on.. . ou tput ;. $ 200 .il lion , then the " u, put of i r ..pre.ent. 10 perc..nt o f
, he totat regional out~.t. At th...a~ t ; ... . if in t he na tion a. a whole ,
i ndu u r , i output i . U pe rcent or total o" t p"t , t he loc. uon q"otient .. ill b..
•661 . One coul d . a , that i f re~ion.1 demand l or t he out put of indus t r , ; ... .
r e l a ted '0 the r eg Ion' s t ot al out p" ' , th.. re~ l on i s pr oduc ing on ly t ""-t hi rd.
o f ,h.. req"i red ou. put of , . Yurther"", re, ir the t echn i ca l req"ire.... n, fo r
.he o.. tp"t o f i ndu." , i (fo r e ~ ample , i nd.."ry j ) i. ~0 .06 per dollar o f
ind,.. try j o .. tpu t ( t AK ..n from the n,<tionAl A m.t r i ~ ), it c ou l d be Ar.... ed th"t
'h" .e.. i on,,1 A ma L r i~ c "" ff i c i ent 'h"uld b.. . educed to t ..o-thi .ds of t h i s
amo..nt, Or t o .04 , t o . efl ec t the r PKion '. l evel .

0" 'h.. othe r h.nd , had the l oc.. t ion quo.i en t b.... n 1. 2. it c.." ~ argu..d
t h.t produc tio" ..s c....d• • he reg i onal r eq.. iremen. . . I n t his c• •e , . he n. tiona l
technic.1 coef f ic ien. ""ul d not be reduced , .nd t he esc e . s out p'" 0 1 i ndu.t r y

..oul d be e sport ed t o ot her re g io". of th.. na tion .

Thi. i. e •• entiall, the approa ch t hat IIMS u.e . to regi onal i ze t he
".t ion.1 A ..t ri . . Ho .... ve r • • ince t he re .r.. no consis tent . nd de t.iled dat a
b• •ea th.t include o"tput .... ....s .. re , a pros y fo r output .... , be used. The
... t . uit.ble pros y i. empl or-nt . Und.. r t h.. au... pti on t hat out pu' per
""rke r ,n A g i ve n indu.tr y i . t he . . .... in t he reg i on • • i " t he n.t i on , t he
regi ona l l ocation quoti ent i . c a lcul " ted 'I ':

I.Q. •

"
F. . IE
If • r

E. IE,. rEq 191

E; r II t ot ,, 1 ...plor-n t fo r ;ndutry i In relt i on r

The •• • umpti on o f equ~l output p~r wo rk~ r . whi c h moot u.e empl oy~nt 'I' a
proxy fo r out put , i. m.. rely a n e xten.ion of t he a..um pt i on t hat th e tec hno l ogy
of indu l t r y pr oduc t i on in the region i. the . I me • • that of the n.tion . Al l
tha t i l Idded i . the • • "umpt i on that ..o..e r . t e . a r e the . ome .

The l ureou o f the Cen .us, eo"nt y lu. in"• • Pat t e r". (CIP) ...p l o~nt f, le
,. the on ly . u i t a ble da t a source fo r .e.. iona l employment. - Ko..ever . th is f ite
h" ••ome de f ic ienc ies tha t m".t be overc.,... . Fir.t , cover alte i n certo,n
i ndu .trie. il poor , no tabl, ;n .gr ic .. l l ur e ond .a,l road transportati on . Thus ,
o t he r .Ou rce ..... t be u.ed for these t \<O i ndustrie.. 8EA da t a Can be u.ed fo r
..grlcullure , " nd " c...bi na tion 0 1 Popu lat;on Ce n. ....nd Ra;l road Ret ir.....nt
Fund dot. c. n be us ..d t o provi de .on employment I ; gure for r ai lro.d.. Sec ond ,

*Tha t is , the " publ i . hed "nd unpubl i lhed" County flu. ine u Patt"rn . dots fi l e
from t he U.S . 8ur".u o f the C"n.us .

,,'
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th.. C81' d a t ~ ~ep~eser. t . j uH on.. p ~ y pe ~ i <>d in !'la r ch . and doe. nOt o tf e r an
~ V"rue annu.a ! e.pl Oywl<'nl e st i... t ... 'lany s..,;uona l indu s tr ies . ~e operal i n ~ at
a r .. l a t i v.. l y Lo~ L..v.. 1 of out~t dur i n~ Harch in s ome par t . o f the COu nt ry.
The r .. for.. . it i s nece s . ary to li nd sos<' .ar.. r ..p~e.enta tiv.. (thou~h I ..s s
d.. t a i l ..d l source to be us ..d i n ~djustin~ t he C81' est i.. t e l . The 8fA Reg i onal
!cona., c I n fo~tion Sys t em (R F. IS) prov i des d i v is i on- l ..v.. 1 emplo~nl l or a iL
counti ... in the Unit ..d St. t ... . Th..... d i vi.i on-L.,ve l tot .l • • ~ e u...d t o .d just
th.. ClIP d-ra.

eiv..n the ..~p l o~n t e . t i..tel , which are es • .,nt i al l y don.. at th .. lour
digit SIC I ..v.. l . t h.. ne lt Itep .t to c a lcul at e t he l oca t ion quot ient • • Then
the nation.l A matr i . can be r ..~ionatiz ..d . ~h..n .~d . th.. co l umnt 01 the A
.. t r i . r ..pr .....ntin' the indu.t r,e. for wh i ch -..It ip t ier t . re to be c. lcul a ted
ar .. th.. ~..qui r ..d d ir..ct compon..nt of t he 1-0 .ult ipLier.

For 1-0 "",dels. it ha. h....n f ound tha t the indi ~ec t c_ pon..nl of t h.. _1
t ipl i .. r can be a ppr ol 'm&t..d ad ..qua t .. Ly by a t i nea~ homogeneoul fun c tion o f the
d i rec t component . !'lo rc ov.. r , in an 1·0 an alysi . f ~ ~ (M ...o rlo. . the i nduced com
pon..nt o f I he ~Itipli .. ~ is si mpl y an .. I t ..n. i on of the ind i ~ ..ct componenl ,
i nt ro';uced by addinR a hou. "ho ld ~o~ and col u"," to t he "",d.. \, Conceptuall y ,
, hil addition augment . the indir..ct i nt pr a c t i on. t o ~ c count f or chanR'" in
con. umer l nCO me and e"pellditu~e • • Thus, cOllce pt uall y , t h.. hnu. eh old . e c t n ~

doe. not dl il er fro m all o ~dinary indu. try i n t he model , I'o ~ si mplicit y, r e l 
erence t o the i nd i re ct an d induced compone nt. and to t he i n di ~ec t co mpone n t
.. i l l bp i nt e rc h ~ nRea b l e ,

V..rifi cati on of the Relat i o n l ~ i p. The hypothesis t ha t the i nd i re c t co-
pon..nt of t he mul t ' pl i e r i . wel L app~o.imat ed by a l i ne a r h..-ogeneou. func tion
o f t he d i~..ct componen t ha s been t ... ted ~pi ricaILy. The r ..gi onaL i nput 
out put .cdel. l isted in Ta bl .. 7 co nt t i t ut e a .. i de ranRe o f . i t u. t i on . for
te. tin, the hypothesis . Of th .. 19 modelt in t h.. sample . I I . re (or st.t.. s Or
th.. n.ti on . In te rms of econ_i c s i . .. . t he ..~I .. 1-0 -.:le i. incl ude .mall
. . ... . . . uch .1 Sonc.& Count y . Cal i lo ~ ni a ; • group of ind u s t~ i. li.ed co unl ie • •
• ~ch I t St, Louis : .nd mode r a l e l y i n du . t ~ ial ; .ed Sl a l es • •uc h .s ~ i s .ou r i .

AI . o , con',de ~able va ri et y o f i ndustrial de ta i l i . offe red. The nation. 1
Kln . a . an d Or egon models ••e cc.po. e d of mod~ra t e l y di.agg• • g. ted eanuf.c tur
inl secto rs , ..hi l e t he othe • .cd..11 (for in. ' . nc .. , Son.,.. and ~ eb ra . lo.. ) of f e r
du a il in t he all: r i c ~l tu.e a"d f ood -procellinl .ecto~ •• In •.,... e •••pl ... . pa r 
ti c ul ar l y 'he smal l -count y .cd.. l • • the t rade a nd servi ce . ect or. 're qui t e
di U ll.Iregatrd . In Ol "e~ ca.e s , the t rade i nduotr i .. s are repre . ..nt e d by onl y
one Or 1_ s ..ctors .

Each o ( t he 19 s••p Le -adeLs .... tested • ••n open -adel ( i . e . . ...i t h t he
hou t eho ld .ector e.o~enou. ), TabLe 8 ,ive. the res~ l l s o f . egres. inR t he
ind i rec t c"'ponent on the d i rect compone nt . fo r I) of l he t.mple [-0 .cde l • •
i t .....1.0 pots ible t o te.t t he hy pothes it on • closed mod.. l . The ~e su l t s of
th is .egress i on anal y. i. are ~"pnr led i n Tabl .. 9 . Each i ndu. t ri a l secto r i n
..a ch .cd.. l "'a ' used •• an ob .erv.t ion. Eac h regre . s i on ~deL .. . . e' l i~ted

both with and .. ithout a con l t ~nt t ...m. The c a.e ...it houl • con. tant t .. rm i. a
di~ec t t e.t of the hypothe .i . that the l ndi rect compollent of th.. mul l i pl i .. r II
• l i n... r homogeneou. f unc t i on o f the di~ect c omponent .
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Th ~ r~ . " ll••uppn r t th ~ h y po t h~.i • • [n m<l tt i nn a nc.. . . th .. conn"nt ·t.. rm
co.. ffici ..nt . ar .. not .iKni fic.ntly d ilf.. r ..n t f r om ~ e ro: ~ven wh..n . iKn i f i cant ,
th .. value, ar ",-1 1 and r ..pr .....nt only I . I i ~h l upwl rd . hil t 0 1 t h.. b.. . t IiI
lin.. . Tbe r ..for tn.. COn.tant t .. r_ do... not Ippreciably cont ribut .. to an
" .pllnltion of th.. varianc.. in t h.. indi r ..ct coaponent. At I.... t 10 pe rcent 0 1
Ihe varianc.. ,n th.. indir..ct coepon..nt. i ... . pla,n..d by t h.. d i re c t coepon..nt
in 11 of the I~ open mod..l. wil hou t • con' tant te r _ . ~ven .ur.. l ati.factory
re.u l t . I re Obtai ned wi t h clo ...d mOdel . ; for II of th .. 13 mode l " at lea.t 80
p" rcent of th .. variance in th.. in dir..ct compon..nt i . .. . pl .in..d by the di r ec t
coepon..nt wilhoul a con ' I ant t .. rm.

Th..oretic. 1 Rali. fo r the R.. lltionshi, . ~ .. wlY to invelti,at .. th.. r ..la·
lion.hi p between t h.. dlr ..ct Ind indi r ..c t componenl' of tb.. ..,Itipl i e r obt ai ned
frOM an j-O model i. t o con.ide r tb .. ma nne r i n whi ch t he ( I - A) i nve r ... i.
formed. 4 Thi. i. b"'l don.. by vi ..wing t he ( I - ~) inv.. r . e a. " pow.. r . e r i e . of
the ~ mat ri • • ~ere

o I 2 0·1 ·1Li m A . A. ~ . .... ~ .. (I.~)"0.

i . a math....tic.l no tl t ion ....nins t o "v.l"ate th.. follow in~

tunction a. the indiCltor (i .e • • n ) a pproach... infinity

(f.:q 201

AO IS the ident ity matr i x

AI i. th .. mat ri. of t ..chnical co..ffi ci ..nl.

Sine.. th .. An t .. r m i. t he id~ntity ma t r ix, whi Ch re pr .. . ..nt. th .. initial fina l
d....nd chang.. In I h.. mu ltipli .. r. and .i nce ~ i , the matr i . o f dir..ct requ i r ..
ment co.. l f i c i ..nt' , t he co lumn • .,.. o f whi ch r ..pr .....nt th.. d i rect-effect coe·
ponent of th.. ..,ltip1i .. r , then t h.... tri . uf the indi rect ..Ifec t can be

de f ined a.

[Eq 211

D i. the ..tri . of indir..ct·induced e ffect ca.ponentl 01
th .. Leon tief i nv..r.e .....tr i .

i . t he id..nti t y ma t ri .

42 Thi .... position de.an.t r.tes t he b•• i, 0 1 t he rel .tion l h i p . For . proof • •ee
r. Wa " ll.h . " I nve r s i on 0 1 t h" Leontie r .... t r i x by Power Se r i ... . .. I!con Ol1lt' t ri c a
( April 1 '.l ~ 0), pp 142-04.

"



A ,s t he m~ tr i~ of direct requirement.

(l -Al - I i. t he Leonti e f inverse mst rix.

TCI i nves t igste the form of the e leme nt s in th i s . eries , it wi l l be u.eful
t Cl cCln .i de r, s. sn e xs mpl e, t he c" . e of a 2 ~ 2 mstri~ , where

"21 a 22

The sum Clf t he fi rst col umn of A2 (b eing one element ,n s s um that yield s the
indi r e ct component of the mu l t ipl i er f or i ndus t r y 1) , s given by

The qusntity a( ~ ) i . the .um of the i th eol wmn , w~th the .uper.cript denoting
t hat t he sum o£ product s i s s •• oei a t ed wit h the A ms tri x. This .um csn be
r e" ritt en a .:

[Eq 22 )

Ce ners l l y , s s um of produ c ts cs n be " r i t t en a. t he s um of the v.l ues of
One fa ct or time. t he average va l ue of the olhe r fa c t or, plus a cClvariance
t erm. That is ,

" " "
X1Y I • Y2Y2 • ... • x ,

i ~l
X,Y + i ~l (y . -y • i ~l (X . -X){y.-y) .

" "
, , , ,

"
'"' Slnee l~ I ( \ -Y ) "i II al"ays '" zero , thi. " mor e . i mpl y

" " "
i ~l X. Y. z i~ l '" + i ~ 1 (X . - X ){ y . - y ). I', an, , , , ,



No t ina t ~. t the cotumn sua. o f ,,2 are sua. o f produc t. of t~ i. fo rm, ~q 23 can
~ e apre••ed al foll ow. :

(2) .., ..,
-,H a .., • •.,, [Eq 24J

Th. lec ond te~ of Eq 24 is the co va r ia nc e between eLement. of t~e first col 
umn of A a nd t he coL u"", .ums of A. If th is covariance i l ze rO becau.e e ither
t he element. of t he first co l umn a re the l ame ~ r the etement . of the column
.UIII. a re eq... t , then the fi rst cot....., . .... o f A i s

'"
C, • a. 2 )

•
., C• .,)",, , "0 , .,

" ... 1___nner , ... col....., .-o f ...lecond col~ o f .' ..

And, if a c ovar iance term, . i ..ilar t o t~.t o f £q 24 b<l t referra nl t o t~e

ucond c ol umn , i. e qual t o zero , this c ln be wr itt en a.

c»' .,
<· .1 •, [ Eq 21»

'.

The <) c oe f f ic i en t . i n Eq 24 and Eq 2~ are i dentical , wi t h b¥ th be i nl the aver
a~. o f the col umn sua. of A. Thi. i nd i ca t e . tha t fo r th. A term o f t he power
ser iel (the f ir. t ele.ent u.ed in determi ni ns t he indirect e ffec t .. tri a) th.
cot..., . .... ar" • linear f unc ti on o f t he co l .......... o f t h" A IlI t r i a--the
ma t r i. of the direct e ffect • •

..~ ich can be se en to be

ell
" . t •

11

(Eq 27/



Once AgA i n , i f t he co vAr i Anc e t er• • i . i l Ar t o t hAt of Eq 21 " ze ro , th i s c an
be ..ri tt e n a '

OJ "a.1
a . l • a . 1

l Eq 2.8 ]

S~inl the r e lation fo r t he A2 An d Al t e~1 of the .er i el , .. it h r e .~ct t o
the f i r .t column , yi e l d.

(.. '"a •• 1 • IEq 291

Over t he ent i re ser, e. t hen . t he ind i r ec t e ff ec t a , .oc i ated .. it h the fi r. t
col ........ i. g illen by

,
• .. ... .. ( n-I)

" A . 1 IE" l O I

Si"'iLlr1 y . fo r the . econd col ....mn. it L' ~ i llen by

1l!'l31]

Pr edlct, ng t he I nd,rect· l nduced Eff e ct . The preoed ing l e c t i on . ho..ed
t h.t t he i nd i r ect co"'pone nt o f the 1-0 mult iplier CAn be a de qUAte l y e l t imat ed
al A li ne.r f unction of t he di rect CO"'pone nt of t he multip l ier for A gi llen
~el. Thi, . ection de.cr ibe. the method . uled to pred i c t , for a regi on
.. i thout an i nput-output mode l, the proba ble l elle l of t he i nd i rec t ca.ponent o f
t he mul t i plier a••oc iate d .. ith a gi llen d i rec t ca.ponent .

It ..a • • hown a bolle t ha t t he c oe f f i c i ent re l At i ng the d ire ct and ind i rect
ca.ponent . ..il l be re la t ed t o t he A"e ra ge o f al l d irect - ef fect compone nt • •
AI . oc iat ed .. i th the fi r .t t e r'" of t he power .eri e. i . a .ca l ar qua nti t y tha t
ret,t e l the . um of a ny col umn .. i th t he co rr~ ~ponding col umn . ..... of the A
..t r ia. Tha t i • • " i ••i.pl, t he aye r.ge I ~ of co lumn. of the A ..t ri a . The
. econd t , r. of t he power .e ria. ,i .ldl a Icala r t hat relat ~. t he c ol ........ I~I

of tha A .. tri . to the co r rel pond i ng co l ....-n ....... o f t ~e A ..t r i . . Thu• •
what . i ght be ca lle d an i nt e r de pendenc y coef fi cient . " • i l g;ven by the lum
o f po....... :

••
,. . I Eq 32 1

•'1 Is t he In t e r de pendenc y coe f fi c iellc y,
[1 Is t he a v.,rage t edllll c;. l coeffi cien t fo r i ndust ry 1.

zz



Howe v~ • • l h ~ .ve'.Ke ot the d i . ec t . equ; r e~nt col uan . um. is no t kno~n

f a • • ' ''IP on .. it hout . " [-0 _ d.. l. n. ..r .. to r it i . n..ce.u r y to f i nd • • ui t-
. bl .. p.osy Or p.o.. .. . t or this v.r;.bl.. . Th r .ge of th.. di r ..ct r ..qui r .. -
ment coefficient col~ .um. i . a m..a.ur.. o f t h.. ope nne. ' of t h.. ..c onomy. An
..conomy i n ~h ich. on the averaK" . on l y 20 pe.c..nt of th .. v. l ue of i nput. of
e. c h indu s t ry i. co nt r i but ed by other re~ion.l indu.tri .. . i. mu ch mor.. open
t han on.. i n ~ich 80 p.. rc..nt of t h.. v.lu.. of i nput . is • • •oc i . t ..d .. it h in t .. r 
i ndu. try fl~s .,i t h i n th.. r ..gion . Thu• • i n th.. con.t r uct ion of th is .adel .
th .. r .. l.ti ..... i.e of .n econa.y h.s b....n ul ..d . , • pr inc ipa l .. . pl a na t ory v••
i abl• •

Oth.. . f a c t or s ma y a l.o be r .. l ated to t he de Kree of o pe nne.. . For
.. . .apl e . economi•••pec ia l iz ing i n ..nufac t u ri n~ may di f f .. r fr a. tho.e
.peci.liz;ng in agricu ltu re . Th.. r .. fo re . i t is u...f ul t o con.ide r the
di. t ribution o f activit y in the economy a' • ~.n. of e . p l. ining t he lev.. l o f
t he i nd i rec t .. f f ec t .

U. i ng t he .ampl e of . e g i on.l 1-0 mod el • • 1 • ,ourc.. of ob. e r v. t i on l ,
r ..gr.... ion .naly. i. wa . u . ..d to pred ict th .. i nd i r.ct c~pon..nt o f t he ~ l t i -

pli .. r . A nuab.. r of . It .. rn. t i v...ppro.ch to t he prob l ... we r .. i nve.ti gat ..d .
T.ble 10 ducr ibe. t he . p..c ific v.r i . bl t h. t ..... . .. incl \!d" d in al t .. rnati v..
mod.. l. a. inde pen dent v.r i . bl e •• About ~ OO ob.er v. t ion. on t h.. depend..nt v. r 
i a bl .. (th.. in di r ..ct ..f l ..c t ) we'e a •• embL ..d . e. ch obt . i n..d by dec ~mpus ing a
muL t ip l i e r f r om one of t he II .elected 1-0 mode l . li s ted in T.b Le 11 . Th is
I••pl .. d i £fer~ fr om the one p re~iou.l y de .c r ibed i n t h. t t he model . here , r "
lene r. l l y con.i. t ..nt ., i t h one . nothe r i n t e r~a of t he conventi on••nd d..fin i 
ti on. on ~i ch the, Ire twls..d .

T.b l e 12 . ~mm• • iz,, " t he re .u lt . obt ai ned fr om th.. r ..g r.... i on a n. l y. i .
wi th t he dep~nden t va . i able in l og fo . m. Th i. permitt ed conf or mit y wi th t he
l ea.t-.qu.r... linel r - . ..grel.i on • • •~pt i on th. t r .. . u l t ing r .. . i du. l . h. ve •
uni fon- v• • i,nce t hro~ghout . 11 r .nge. of t h.. i nd..pendent vI . i . bl e (t he
condition of homnlced• • ticit y ). This cha r .ct .. r i . t ic i . n..eded to dr• .,
me. n inlful interp r .. ta t i on • • bout me••u . .. . of goodn.. . . o f f i t, . uch •• th..
co.. f f i c ie nt of mu l t i pt .. dete •• i na t ion. U.e of t he de pende nt var ilbt .. i n •
l inear fo.m p. oduc ..d I het ••o. ce d• • ti c pa t t .. rn in t he re. idu.l , • .,here the i r
. b.ol ute "Kn itude wa ' cor rel .te d .. i t h bot h the . i z.. . nd d irect-ef fe c t
v. ri .ble••

T_ equat ion. were found to be .up.. r i o. t o th.. ot h.... l i . t ed. I n both
c••e . , t h.. , am.. i nd" pe nd..nt va r i .hle • • r .. i ncl ud..d. a l t hough the ir c oef f i
cient . di f f .. r . When pr..dict ing t he ind irect ef fe c t f or open mode l . ( tho .e
wi t h th.. hO~I ..hold . ..c t o r ...o. ..nou l ) . t h.. pre ferr ..d fo rm w. , found t o b..

log i'l10

~her.. :

0 . 14 - 0. ~4 Pi - 0.)8 P2 • 0 .0098 l og 52 • 1 . 1~ l og MOO ([q ]] )

loa i'l10 il the n. t u•• l l oga ri t hm of the i nd i rec t e ff ec t • •
d.. t erm ined b, •••mple of "open" i npu t-out put model.

1J
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101 S1 i. t he n" t " rd 101l" rithm o t t he re l tt i ve . i"e o f t he
l ocal econo",y

101 MOO i . the Datu r .. 1 101.. r ; t ll- 01 th~ d irec t et lect f r om ..n
"open" input-Output ""d.. l .

Acco rd i nl t o Table 12, al l of I h.. para~t .. r ..st imat e . of &q ] ] re j e ct the nu l l
hypothe.i. t ha t they a re eq~ 1 to "e ro v it h a 99 percent l evel o f confi denc e .
I n addition , !q ) l can e. pl ai n 8 1. 4 pe rcent of the "a r iabi li t y i n t he
dependent "" r ' a bl " . For "clo .ed" inp"t -o" t put ""'dd s (i . e ., tho.e .. i t h ho,..,,
ho ld. a"~nt,,d t o th" technic.. l c"" f l i c i ent.l . t he in d i r"ct- induced compon"nt
i . ~.t predic t"d by th....q"., i on

lOI ~ I C w 0. 65 - 0.19 PI - 0 .1 ) 1' ] • 0 . 11 l OI S] • 1. 0 ] l oa~DC

..he r .. :

l OI I'I IC i . the "a t u r,, 1 10lla ri thm o f the ind i r ..ct-induced compo"e rlt
fo r " cLo. ed" i " put - outpu t ""' de l .

lOKMrx; i . the nHurd l OIl"r ithm o f t hp di uct e ff ec t from
.. " cL o. ed" input-outpu t IIIQ de l.

[ Eq ] 4 ]

Agai n , a l lot t he e s t i mat e d p. r . me t e r . l or Eq 34 can re je ct t he null hypothe
. i. 'ha' they a re equa l t o ze ro .. i th a 99 pe r cent l e "e l of c onf i dence . Al so ,
t he equa t i on can ex plain 8 6 . 8 pe rcent of t he "ari ance in t h.. dependent var i 
a hl .. .

Fo r e it her t he open Or c l o.ed mode l . .. i t h a g i ve n di rect e f fec t , t he
i nd i rect componen l vil L:

I . Decrea.e a . econa-. c conc ent r al i on . n ag r i c ul t ure i nc re a.e. ,

1 . De c r e.. . e . I i l htl y .. s econom i c c oncenl ra tion i n ...nuf ..c t .. r i nl
i ncre......

Th...e re . .. lt. a . e . .. . . on.bl .. in that . I .. r l e r and IID r" d i v.. r l if i ..d "Cono-y
.. il l be abl e to . uppl y a l a r l .. r Ih a r .. o f the indi r ect re q.. i r .....nt. o f a liven
.ct i" icy .

!".. l .... linl the Re." lt • • To " .. I id.. t e t he praced" r" . R l ~ S o" t p" t , were
ca.pa red to tho . .. of 5) indu. t r i .. 1 . ..cto r . f ro- . i . e. i s t i nR 1-0 mod"I, . lb"
.i • .ad~ I . chose n (or th i , l ~ . t r epre . enl .. .. id~ v. r i "c y of reaion. , both i n
t ..... of ,i.e and i ndu. t r i .. l . pec i .. l i . ..c ion. The . i • .adel ' , .. l e ct ed ~nd t he
" ..r. ion. t e . t ~d are: Kan.a . (o ppn); St . Lou; . ( c l o. ed ); Sull i v.n Count y , PA
(open ); Wa s h i ngt on {o penl : N~v l'Ie xi co ( c l o. ed ): and Neb r a l ~a ( c lo.ed ) .

Sec tor. were randomly , .. L e c t~d Irom each o f t hele .ade l l i n a . t ructured
.cheme t o pr ovi de for rep r e . ~nlat i o n among the .gricultural , "'a nufa c t ur i nl ,
min ing and trade d i vi.i on. . For e ach s e Lec t ed s ec t o r, the def ini t i on va .

H,



d~t~rmined in terma of the national 1-0 l e ~ t o r in~ plan . In ~I t ~ alel , agg re
ga t i on wa . r~q~ir~d t o p r oduc~ a mul ti p l i~r for a I p~cifi c ind~l t r y cOr re
lpond ing t o t he regiona l ~el le~tor l inea the regional modal. ~re much mo re
aggregated than t he deta iled na t i onal t able . We i ght . d~r i ved f r~ Count y
8~.i nea l Pat t e rn l da t a w~re ~ Ied fo r thil a ggr e gat i on . g.ti..te. o f the
d ire~ t e f f e c t co mpo nent, the indire~ t effe~t compo nent . a nd the mult ipl ier f or
each l e ~ to r a r e report ed in Table 11 , along wi t h t he lur vey reaul t l t aken fr~

the relpect ive 1-0 model.. Ta bl e 14 report. the ~an. of I~bla.ple. o f t he
R! ~S and au rve y valuel , a . wel l . , the percent differen~ea and t he a i.p le ~or

re lation coeffi ~ ient' . seve ra l lenera l feature l of thaae re aul t . are worth
no ting . The R I~S mu l ti pl ie r eat i ..t el a re o f the lame order o f ..gn i t ude a .
t he aurvey valuea . Over the entire ,ample , the mean RI MS value i ' 2. 021; t he
mean of the lurvey t able mul t ipl ier' i l 2.0222. Cenera l ly, t he r e ia a dnwn
ward bias in the a.timete. f or clo'ed -ode la. Differe nce a i n . gr;c~ ltu r e a nd
..nufacturine ,ector. are , ..I I, and are lomewhat la ree r for t he trade , ec 
t Or. . In a l l ~alea. t ha corral.t ion coeffic ient. a re rea,onably high e leept
for the e at i..tel for open mode l • •

The e r r or found in t he mu l ti pl i er
e rror. i n the d irect-ef fe~ t e at imat l • •
. ion re l a t i on:

e at imatea ia ;ar~ely a fun~ti on o f
Thi. i l .hown in the fol l owing ree rel·

~ • - O. Ol • 1.42 gd

~~re:

t. il t he error betw~~n th~ ,urv~y-bl'ed ~lt ipl i er an d the
RIMS eat imate

gd i . t he di f feren ~e between the I Ll rv~y-ba l~ d dire~t ~ompon~nt

and t he RIMS e ' ti Rat e .

[ gq ]~ 1

In thi, li.ple -odel . the variabi li ty of & ~an a lpla in 85 perc~n t of the var
iance i n ~.

The ae r ~ l u1 ta vnderlcor e one a dvan t a ~ ~ of the RI~S app ro.ch. No method
ha' be~n found t o prod ~ce 1-0 ~del, fra. 'eco nda r y da ta whi ch wi l l r ep l i c a t ~

the ra.ults obt a ;nad f r~ b~; l d in~ a model ba.ed on .ur vey data . !hia h• •
been deaonat rated ..ny ti ... in the li t e ratur e . e iven how -a, t aurveya a r ~

done (i.e. , re l, in~ on re aponde nt l t o ana~r quelt ion l i n ouc h a way a. to be
c on,i l t en t wi th t he ~onvent i on, of the i n p~ t - ou tpu t mo del - -eonventinna t ha t
a re not always ~onlia tent wi t h ordina r y buaineal a~~ounting) , it co ul d be
ar~ued that t he l urvey re aul t a are no t n~cea la r il y ~o r rec t . However , t h i.
aSler t; on would be ha rd to ve r i fy. fl ti..t inl a re l i ona l A ..t ri s i. a d i f fi 
cu l t ta.k , wh~thar by lurvey or fra. aecondary lour~el. In the proce l a ,
e r rOr' a re ce r ta in to accrue.

The RI MS a pp roa ~h u le l a f air ly conv~ntional me thod t o e.timate the
d i rect r eq u i re-ent coe ff icient t a bl e . How~ver , t he a.t imat i on o f the i nd i r e c t
c~ponent o f the ~lt i plier i nt roduces new i n fo~tion abou t . t he econom~ wh ich
provide I u.eful c on t r ol total. . In ot he r worda , the e r rOr, 10t rodu~ed In the
A ma t ri l are not al l owed t o d i.tort the i ndi rect ~~ponent [ 0 the e l t en t t hat
t he y woul d if t he ordi na r y eal~ula t ioo o f t he Leont i a f . inve ra~ ..t r il we r~

a ll owed to be tha on l y .ource of thi, e . t imat~ . E l p e r l~n~ e w, th many regIonal
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I tud; e. IhD~' thl ' t he resu Lt ing mult ipliers t e nd t o ~ l ower . Civen t h. t
molt secondary dlt l me t hod. lend to produce mu l t iplier s thl t a r e l a r ge r t han
l urvey-based tlbl ... , t h i. advant age of the RI ~S a ppr oach would ' eem to be , i g
nificant.

The Rl"5 proc edure out lined above pr ov i de. I ~.n. f or .. , .i .- ling •
r e l ;onal i ndun ry-s pec i f i c ... l tipt ie• • IlI'1S .1.0 pro.. i d.. .....nt f or d i ug
I .el lt ;nl t he t otal e ffe c tl (me a s u r e d i n t~~1 o f ou t put , .. arninll . an d
~plo,.enl) in to the i nd u l t r i. l c~po li t i on o f thl t c hl nge.

The app roa ch uled c rea tel t he enti re r egional d i r ect require~nt coeffi
c i ent . a bl e--the A mat r i. fo~ the ~el i o n . in whi ch t he . e l ecte4 i nd vl t rie l
(Cho,. fo r which ~lt ipli e~ ca Lculat ion. I ~e desi~ed) , a~e ~ep~e,ented as
indivi dua l ~ows an d colu.n.. Wi t h t h is f vll A ..t ~i l , i t i. then pos, i ble t o
cal culate t he Leont ief i n ve ~.e ..t~ il . The co lumn. o f the Leont i ef i nve r se
mo t ~ i l represe nt ing t he .eLec ted i ndust r ie s a re In appro. i.. tion of t he t ota l
. " ltiplie r ', d ist ri but i on .

The RI MS- e.t i mot ed i nd i rect c~ponent of the .ut tiplie r i ' then d i , tr i 
buted Ic rO'" indvt t r iet in t he la~ pa t t ern f ound in the 'elet ted indu.t ry
column . The mult ipl i er c o l umn i l the ~e fore the t um of t he d i rect col umn . wi t h
1.0 added t o t he d iagonal eleme nt , and of the i nd irec t column .



The moot important ele~nt 01 the RI ~S da tabale il t he modi fi ed ve r l ion
of the Bureau o f Ec onomi c ""'lIlyo," (8 EA) na tiona l i np"t-out p" t ta bl e. Thio
tllble . esti -.te d fo r 19 12 . conta,nl 49b lec tOr o i n i t l or il inll l f o~. Two
tY~1 of ~i ficationl were ...de to th i s ta bl e to ma ke it .ui table f or .he
RI ~S applica.ion• • Firlt . l everlll l ectors were e i ther a l l r e gllted Or dele ted ;
second . the .able 'l a ' conv~rted fr~ one which i . de f ined in t e ~1 of c 08Odi 
"el to one de f ined in te"S of ind utt riel . The fir st -.odif iclItioll is OeCe o
.ary to reflec t the fact that cert a,n nationat 1-0 tab le ind,," t rie" do not
have a readi ly ava i l a bl e r eg i onal da ta .ource . The second i. ne ce••ary
bec.",e regionaL data ,," ed fo r Ica ling down the na ti ona l table t o the r eg i on
i. aVllilllb le onl y on a n i ndu.try ba . il.

Aggrelationl lind Deletion•• One sec to r - - t he 8EA 1-0 i ndu.try 110100 
Owne r Occu pied Ho" .i ng--wlI . del et ed f ro~ t he nat ional tllb l e. Thil lector .
whi ch i. ne ce ••a ry i n t he na t ional t a ble for consi . tency wi th t he U.S.
Nati ona l I nc","" Accou ntl , II no t ,....,f ,,1 in r.,g ional i.pact ana lys i • • The
na t i " ,u, l column i. somewha t a r titi ci a l . 'lith a larlle port ion o f the tran . 
acti"n. being imputed . Thu•• no ac tua l mone y tra n. ac t i on. a re • • •oci a ted " i t h
many 01 these el ement.. A••uCh. the .ector i. u.efu1 in reR i ona l i mpact
a na l y.i • • but there i. no way to Cha racter ize reg iona l d i l fer en ce l in i tl
va l ue to r u.e in a regi onal table.

The de t a il ed aRric ultur e l ec t or l 01 the 49b- se ct or nat i onal table have
al.o been a Rgregate d t o one lec l or lor RI ~S . Thi . Wa' ne ce, "a ry becaule no
.uitahl .. dat a ha . e i. av~ il a bl e at t he co,,"t y l e ve l whi ch l end. it.eLf t o t he
inte r ac tive u.e ant ic ipated for the pa ckalle . The Ce n.ul of Agr iculture data
doe . no t al "ay• .atch t he . ectOr de f in i t i on, i n t he na ti onal t a bl e ; al.o . U5e
of the deta;led ag r icul t"re . ector, i n analy. i. a l.o, t a l way. r equire • •ome
; nve .t igat i on . drawi ng on a nu.be r o f aOurc e . and ev alua ti ng t hem i n li ght of
the character;.tic, of t he i . pac t 't udy a t hand. The re fo re , t he detailed lec
tor. have been aggregat ed , nt o one ag r i c ulture .ecto r f or whi ch (ounty- leve l
da t a e,.lt. f or regi onali tal ion of t he national t a b le .

T:, e procell ing . etlOra of the 1912
496-.ector B ~A nationa l input -out put IIOdel a re de fined i n te~' of

c.,....,..j,tie.. Tha t ii , t h. def in i t i on l of the row. of t he t abl e ar. ; n te..,
of c~ditle. produced ra t he r t han the ' nd".t r ,e. wh i ch produc. t h... . The
column. of the t a ble , wh i c h r.l a te t o con.umer l o f the'e c .,....,..j i ti e • • are
de f ined in te rolt o f i nd".t rie• •

A fi r . i, • • , igned t o an i nduat r y on t he ba,i, o f it, pr i.. ry produc t
( i . e., co-..tit y wh i ch repre.ent ' tbe predOllli na nt ou tput ) . Il......ve r . a t t he
'ame time. a gi ve n f onD or ; nd" at r y -.y pr oduc e other c om-od i t ie . uh i ch a re
,econda ry product. t o t ha t pa r ti cul ar i ndul t r y , but pr i~r y t o a nother i nd u.
try. ro r e.a.. ple , i n t he 85- ord.r na t ional 1-0 t a bl e . , e ct or 21 i s t he co....
rood,ty label ed "Chelli ca l. and Se l ec ted Chemical Product •• " A, a co Lumn , t hi •
• e c t or i . de f ined as t he Chemica l and Selected Chemic al Produ c t ' indu.t r y .
f h i. indu. t r y i t.e l f produce I abou t 86 percent o f the commodity "h i ch il it .
primary produc t . Ho"ever . o t h~r indu.trie . , 1'0 pro duce thi. co mmodi t y . an d



fo r ttle_, it •• a s"condar y prad"ct . Al>ou t 2 pe r cent i . pr oduc"d Dy ttle
PLa.tic. and Synthe t' c ~t er ia l i ndu.t ry . a no t h"r b pe rc "nt D1 t h.. Pe t ro l e..
R"f'nina i ndust r y . and sa an . I n t he 8~- .e c t o r t aDI .. . a baut )0 i ndustr ie.
prod"c" sa.e of ttl • • c~d 't y ca t .. , o ry. a lthough i n mo.t ca .... . the percent
aR" of ttle t ot al is qui te •.al l ; .are t tlan tla l f o f ttle i ndu.tr ie. prod"ce I .. ss
than 0 .1 pe rcent o f th .. t ot a l .

fn cOnt ra.t to t h.. ca.nod(ty d.. f i n i t i on . i n th.. na t (anal 1-0 tabl" . the
infor&lltion ."lac'nt; to ttle avail abilit y o f i np"ts , n a .".ion (. coll"cted
and ' '' po' t ''d by indu.t'y. Thi. _ea i ona l infa rmat ion i. t h" ba.i. f or .aki ng
adjuat...ntS to th" ro~. o f tb.. nat ional t ab l " down t o tbe r" Ri on . Thu• • COn
ve'tina t tl" na t ional (-0 tabl .. f rom a co-modit y-by- i ndu. try t a bl " t o an indus-

.- try- by- indu stry bas i. i .......nti al t o a ppl yi ng t b i . tabl e to r .. . i ona l i.pac t
a na ly••• i n RI" S.

Th" t a ble i. conv..,t "d by -.. It , plyi ng t he co~ i t y-by- i ndu. t r y tabl"
(caL I"d ttl" u. .. t a bl e ) by a t a bl " ~h i ch .ho~s th" d i . t r ib"t i on o f i ndu .t r y
produc tion of a gi v"n co...:><l ity ( ca l l "d th" ...k" t a bl ,,) . Soth o f t h.. . .. tabl ".
a re ava i l abl .. a t t he 49b- .ect or level of deta il .

Fo, exa mple , . uppo t h.. u t a bl e . h o~ . t ha t i nduI I ' y j r ..qu ire . $10 of
co"",,odi t y '" Purthermor t he ke l a bl e reve al . t hat 10 pe r cent o f c01fWllOdity
.. . . produced by i ndu. try r , 20 pe r cen t by i ndu.t r y I , .nd 70 p.. r cent by
' ndu.try t . Conve rtin g t hi s el ..me nt of "he u.e table t o a n i odu s t ry- by
.nd,,. tr y basi. iovo l v... d i stribut ing t he $10 by t he propo r t i on' found , n the
.... ke t able : $1 fr om indult r y r , $2 f ro m i ndustry s . and $1 from indu . try t .
Re pe t i t , on o f ~ h ,s red 'st r i buti on for eve ry element in the t 'b l e pro duce . ~ h e

nat,onal ta ble .n ~he co r r ect form fo r RIKS. Divi ding each e l ~Men ~ of the
r ..su lti ng t r ,n. act ' on. t a bl e by the gro , " out put o f t he i ndust r y re pre.en t ed
by tha t cal umn produce. the na t i onal .atr ix of d irect r ..qu.r .....nt coe f f i -
ci ..nl • • o r the A ma t r i . . It i . t h ,. nat' ona l .atr i •• ~ i t h t he del .. t ion. a nd
ag greg a tI ons de s c ribed a bove, t ha t i . (h.. 1-0 t abl e of th . RI"S da ta ba .e •

.., ....
RIMS i . ba . ed on an input-out put .ade l that i . c losed ~ ' t h r e . pe c t t o

ho".eholds . ( Tha( i s . hou . e ho l d. a re eonlid.. r ..d t o be an ..ndo",.nou. i ndu n r y
of the .adel . ) This i . don.. by includ i ng , n toe mGd.. 1 a ro~ and co l umn to
r..pre.ent l ocal hou s ehold s : th.. ir pr ovi . i _n of l abo r t o oth.. r i ndu . t rie s i n
the re a l On (t h.. r~ ), and t h. i r pureha'e' of e on . ...pti on l 0od. and serv i ce.
fra. local indult r y ( t he PC~ c oluaft). Th.. et t 'ma te. i n t he ro~ ar. no t
r . , i on- t l"' c i fi c; th.. " SOurC. ~a' di" "u"<l on p lb . Thi . . ..ction conc e rn .
the 'O"rC" o f the .tate PC~ col~. and the ir u'" tn &1"5 .

Th.. or ' a i nal . ou rce o f t h.. . t ate PCE ..s t imates by indu. tr , i . a n unp"b
L'sh.d BEA .tud , which c r ..at ed . uch ••(imat e s fo r t he 19b 7 i n pu t ~o" t pu t -ode l
i n put to t he BEA ve r .ion o f RIMS. The . e e s ti.ate s vere ba .ed on an unco-
pl eted .. f for t to c rea te r .. . i ona L a ccount. a t t he s tat .. l e vel , . imi l a r t o t ho.e
prod" ced at t he na t; onal l e ve l by ar.A. The ba . i . of t he t t a t e con.~ption

pat t e rn . ~a . a .et of con.ump t ' on-b,-commod i t y esti .-t e s , ba .ed on t he aureau
of Labor St atist ic s Con l ume r E. p..nd iture Survey . The .e commodit y e Xl"'ndit ur...
~.. re update d to 1961 a nd conve r t e d t o an , ndust r y ba a i t ut ing the na t ional
i nput-out put mod e L bri dge t abl e between commodities a nd i ndu. t r ie • • Certain
convent ' on. of the , nput-out pu' t abl .. wer e .1.0 appl i ed t o t he da ta • • uch a .



t h~ r~ pr~s~nt s t i on of th~ sal es of th~ t rade indu.t ri es a . being t he ..rket ing
~rgin of t ha t di str i bution ac t iv i t,.

Updat;nK these 196' est i..t ~ s to 1912 i n yolv~d t wo s teps . Fi r s t . the
r a t i o o f 1912 [ 0 196 1 nationa l pe E ~a . a pplied t o the 1961 vatu~s [ 0 re fl e c t
a ggregat i ons done to make the col u.n con form t o t he 1912 .ector in g pl a n .
Wh e r e disa gg r egation wss requ ired . th~ d i str i but i on of the 1912 na ti ona l PeE
wa s a ppl ied to t he l ~b l s t a te coel fic i ent t o prod uce t he requi red deta i l fo r
1912 •

Th~ sta~" PCE ".ti mat e . re p re s~nt t he o l des t da t a i n t he da taba . e in
t he 'en'e t hat the i r basis i . a so me what ou t d at ~d COn Sumer e. pend i t ure
s urv~y . Fu r t he r mo re , ev~n wit h updati ng t o 1912 (da ta ~h i c h i s now 12 ,ears
o l d ) . a numbe r ot c hanges i n t he e conc.y . pa rti cul a rl , t ho se r e l a t i ng to
energ, pr i c e s a nd the pa ttern of ene rgy co n. umption . a re not i nc l uded . The
ea r l y re v i s i on of this data fil e wou l d be the most i~portan t improve.ent t ha t
could be ..de i n t he pac kage . A c ru de . though essenti a lly c r ~d i bl e , update
could be done by uung t he upd4t ~d BFA as-sec t or table . Such a table flOw
e oi.t. fo r 1914. and be l i ns to ac count fo r t he ene r gy pr i ce c ha nge. t ha t began
i n the previous years .

while t he 85- s ec t o r t a hle ,. c~ rta in l , l ess de t a il e d t ha n the 1-0 t a bl e
in t h~ RfMS da taba s e • • n umb~ r o f the ene r gy- r el a l e d s ec t o r s a re t he s ame i n
both (. a b l ~ s. For e.ample , the Sa"'" l e vel of ag grellAt i on e. ist s i n each t a bl e
fo r Crude PelroL~um and Na t ura l Ca s. Coa l i'l i ni nll. and AulO Repai r and
Se rvi ce. Furlhermo r~ , t he 85-.ector i ndu. t r y ca ll e d Pe t ro l eum Refi n ing and
Rel a t ed In d ust ri ~. is predomins nt l y t he de t a i l e d sec lo r ca l l ed Pet ro leu~

R~ f i n i n g . Unfor t una t e ly , t he 85-sect or table includ~. onl y one aR& re~a ted

Utilit y . ec t o r . Ye t . eve n wi t h thi s altg reltat i on . t her~ woul d be .~ bene fi t
t o u. i ng th i. data fo r 19 14 t o upda l e t he .ta t ~ PeE f i le.

Rt"S produce. impact. i n t erm ' of bot h e a rn ing. and empl oyment. by i ndu. 
t r y . 80t h o f the.e re .u lt s ar~ t ransf ormat ion. o f t h.. out pu t cha nga- -th.. f un
da.enta l re.u lt o f i nput-output i mpact a nal y. i . . To prov i d.. t he . e ..arning.
and emplo ym..nt ef fe c t. , wh i ch in most ca ' e S ~ re much mor e ~an ing fu l t o t he
anal y. t tha n t he out put ch an lte • • co~ ff i c l e nt . t re r equired fo. each de tailed
1-0 iodu . t r y . The RI ~S da t aba se co nt a ins . uch coeff i ci ent . fo r etch o f t he
421 de ta i l ed s e c t or • • The ... coef f ic i e nt . are ,p p e nd~ d t o the 1-0 t a b le t o
f a ci li t. t e proc.. s s i ng .

80th .et. o f co.. f f ic i ent. a re ba . ..d ~n na t i on.1 da t a t a ke n f ro. seve ra l
,ource• • The ea rni nll' coe ffi ci ent • • def i ne d a . t he rat io of ea rni ng. pa i d t o
house hol d. by an i ndust r y-to- indu.t r y I ros. out put . p l .ys • dual ro l e . I t i .
f i . s t us.d aa the hou . ehol d row coef f ic i e nt fo r t he cl o.ed region, l 1-0 -odel ,
. nd s econdl y f or c onve rt in l out pu t ch. ng.. . . by industry. to ch.nle. i n e . rn
ing' by the hous eh o l ds o f t he rei ion .

The ea rni nl ' c oe f f i c i en ts are ba.ed on both t he 191 2 a nd 19&1 REA
na tional 1-0 tablet . f'i rtt , e.. ptoyee cc.penst t ion fo r t he de t .. il ed 19&1 ta bl e

".



wa ' adj~.t~d to ~arn;nga. ~oin. REA da ta . Oividin. t h~.~ ea rni nl' by i ndust ry
g roa. output for each de t ai l ed indust ry ga ve a 19&1 earni ng. co~ ffi cient vec 
t or .

N~ . t, employee compe ns at io n proportions of gro. s out put i n t he 8) - s ec t or
1972 t . bl e we r e u.ed to ad j us t the 19&/ vector . Af t er co nv,o r ti ng t he 1912
employee co_pen.a t ion to ea rninls , t h~ 49&-sec t or I roa s out puts were us ed to
c reat e a we i ght ed I)-sector coe ffici ent vector ha sed on the 19&1 coe ffic i ents.
Di ffe rences between th is 19&I-hased vector and the ac tua l values we r~ us ed co
ad ju st the unde rlyinl detailed 19&7 vecto r .

An updat in g 0 1 th~le e a rn, nl" coe f fi c ientl wo~ ld be ad vi sab l e when t he
com~nents o f valua added beco~ av. i lab l ~ for th~ det a i l ed 19 11 na ti ona l
tabl e .

The empl oyme nt coe f f;ci ~nt. a r e s i mpl y the rat io of empl oyment to gro . s
out put for ea ch d~ t a i l ed i ndus t r y . The Bureau o f t h~ Cens us Count y Bu. ine. s
Pat t e r no emplo~nt t i le wa s uaed t o obt ai n t hem. In t he cu r re nt RIMS data
~ se , these e s t i ..t e a a re based on 1912 dat a .

The ~.ployment cc. f ficients ar~ tho onl y ~ I ~.ent s of the R I ~S databas~

that a r~ aensiti ve ( 0 the year of the do l la rs o f fi na l de..nd tha t a re uaed i n
t he i mpac i a nal y.i. r un . Th i . f ol l ow. f r om t he fact t ha t t he rati o i. not
d imen. i on l e s . , a ' i . the c.'~ wi t h t he 1-0 c oe ffici ent . t hem. e lve. ( inc l udi ng
t he ea rnings coe f fi ci ent s >. Current l y , t he emp lo yment co ef fic i ent. repre sent
worker . pe r dolla r o f gros s Out put , wi t h gro • • output mea su red in 19 1& dol
lar s. Thus . since t he e.p lo~n t coe f f ic ie nt s refe r t o 19/6 doll a r l. 10 must
t he f inal dem.nd chanle tha t il en te re d. i f t he re l ult i. to r e fl e c t the co r 
rect leve l of emplo~nt c ha n,e .

To make these coef ficients mo r e consi l t en t wi t h the user-f ri endly i nte r 
a c t i~e proces. envi ronment , two cha nles are re commended . Pi r l t. the eeploy
~nt coef ti ci ent s t hems e lve l Iho uL d be ~d just ed t o 198 1-82 doll a r l . Second .
RIMS . ho ul d a Ll ow t he use r t o opecif y the dat e of the do l La r ., wi th c ur re nt
do LI~ rs be ing a de fa ult . Wi t h a . peci fic at i on of ot he r ' han c ur r en t dollar.
by t he us e r , the p rolra~ coul d dr aw on a s ~a l L data ba se t o conve r t t he e~p l o y 

men( coef f icienta t o t he co r rec t da ta .

"



4 DE FKNSE LOG ISTICS AGENCY E ~ PLOY~ENT I MPACT SYST~

I nt r 04..ction

The Defense Logi s t i c s A~enc y ( DLA) ~pl o~nt I mp.ct Sys tem i s •
COlllpuU r - . ided, indy H r y-spec i f ic re !tion.. 1 empl oy_nt i . p..c t s yH elll . It " • •
deve l o~d by CERL to he lp DLA rep or t t he reg ion. I e.p l oyment imp.c t. of thei r
co nt r"c t in" "c tivit y t o Conltre .. . The IlLA Emplo ymen t Imp.c . Syot em not on l y
provi des. likeL y ra nK" 01 ' he ~orke r s t o be h i re d Or I"id off by t he
con tr.cto r bec " y"" 01 • Contr. c t .,."rd , byt i t . 1 . 0 eot i""'te. the tot .1
e Mployment i mp.ct on t he 10c .1 e conomy re s ult ing f rOM DLA con t r . c ti ng
..ctivity. Wi t h on ly foyr piece. o f i n fo na<lt ion ( i .e • • the regi on.. 1
definition. the product code of the cem.odit y be ing produce d . t he do ll . r v.l ue
of the cOnt r.c t bid , .nd t he cont r.ctor ' " es t imat e o f h i, I" bor re qu i r ement ) .
the e-ployment imp"c t Ira. • cont r.ct . ,.. r4 e .o be e v. l .... ted ,

AI .. relylt of the econa.ic dovn t " r n fol i o,. i ng the Ko re.n W. r , Pre"ident
Tr ......n di rected that ,a.e &overnment p rocure~nt " be le t .side fo r . ... rd i n
I"bor lurpl ... s .re.s (LSAs' t o reL . eve t he ir econOM i c d i stress . Subseq"ent l y .
t he ~"yb<l n k ~ndmen t " ..s issued . " hi ch e~empted DOD fra. this re q y i r e~nt .

Thy•• yntit 1981 , e .ch . nn.... 1 ooD Appr op r ilt i ons Act hu . pe c i f icdl y prohi b
ited DOll from setti ng . , ide or p. y in g pr i c e d i f f e re nt i . LI to r e l i e ve 10c. 1
econom i c ,tio loc. t io o• •

Ho" eve r . thro YKh r ecent effort. o f • co. l i ti on of Nor t he• • t . nd Midve , t
ConRre,o~n , DOD h.s be~n d i r~cted to te.t • mod il i c. t i oo t o the M. yb.nk
re .tr i ct ion . Specific. li y , t he 198 1 OOD An n..... 1 Appropr i .. t ions Act ( Publ ic Law
96-~1 1 ) re q... ires t h. t PLA tes t . pr og r•• of ..w. rd i ng cer t . i n contr.c t " to
f i nB ' th.t ."ree to pe rfo.. t he cOnt r . c t. in LSAs . The pur pose of t he t e . t
(po p... l.rly refer red to . 1 the PLA ~.ybA nk Tel t ) v .. s t o i ncre.. se t he . ,.. rd of
DLA contr.ctl .n LS AI even i f i t re qyired p.y in~ • pr i ce d if f erent i. l of up to
S pe rcent over. love r , non- LSA bi dder . The t e ot .Iso r equ ired DLA t o ....... re
the e ffects o f these . " ••d" ... t hey imp..c t on .,.pl o,.ent i n bot b the gl i n i ng
LSA ..nd the l os ing non - LSA . nd t o re po r t t he re .... l t s t o the Appropr i. ti ons ..nd
Armed Services Ca.mi ttees o f t he HOUle ..nd Se n.. t e . Th i s tes t h..s bee n con
ti nue d wi t h e lcb ..nny. 1 DOD Appr opr i. t ions Ac t , inc i l'la l .

The folLov i ng tea t e a pl . in o the methodOlogy of the DLA Employment I mp.ct
Sys tem. This i ncl yde ' (I) t he pr oced "re ..... ed t o de t e rmine the r.n"e of t he
n...~ber ot ,.or kers to be h ired or l.i d of f bec.yoe of • con tr.ct . wArd (c. l l ed
t he Employer '. Repr e .ent.t ion Chec k ) , . nd (2) t he .. t hod oled to e " tim4t e the
t ot.. 1 e.ployment i mp..ct in t he e conomies o f the re g i on s . f fecte d by DLA con
tr ..cting Ict i v it ies ( c.. I Led the Empl oyment Imp..ct Est i... te) .

The E-ploye r ' , l e pr e , ent . t i on Chec k

Since one o f the ... jo r p.ltpose. o f t he DLA ~.. ybAnk Test i s t o ......... re t he
i.psct th.t cont • • ct . ,.. rd s ...de unde r t he t est h. ve on empl o ymen t I . vel • • it
i, i m~r t .n t to e. t lbl i,h t he n~ber o f .,.ploye e s re qui r ed t o per form .. g i ven
cont r.ct . Th.... , DU requi r u t hat .n bi dders , ubmitt ing solic i t u i ons c Ohl'"

'" · " Th " .pLete ,In empLo ye r 0 r epreun t .Uoll . " emp. oye r s re pre s en t .uon . U e lt s
to t he bi dder '. i ntention reg.rd in g ( i) t he oymbe r of empl oye e . l i kel y to be

'.

•

,



l.id off it t he bidd" r dou no t receive the con t ract a...ard. and (2 ) the n" ",ber
a t ne" " orke r. t hat ...i ll b.' hired if the b idder i. a"arded th.. contnct.

Not loog . I t .. r t h.. t .. . . be ~.o••ome h, ghl y .u. ~c t ~pl oy... • • r ..pr .. s..nt a
t'on. wer .. r ..c .. iv..d t ha t cl ..arl y indicat " G t hat con t r actors di d no t unde rs t a nd
t h is r ..qu ir......ot . l':op.. r,enc .. to dat .. h• • • h""" th. t th is _ thOG of d.. t .. rtll\n
i o ~ t h.. con tr.ct or · s labor r ..q~ ir ..~nt ha s s..v.. r. 1 prob l ems. The maj or one s
are:

I . TIl.. .. i •• t ..ndenc y f o r bi dde rs to es.gge r. t e t he e~p lo y.. r ' s
r e pre . e nt . t i on . po•• ibl, in the _i . t .ken be li e f t hat i t i s a f.cto r for the
cont ract a.... rd. Fo r e . ...pl e . it is no t ~nco-.>n to h.& Yf! a bi dd .. r st.te tha t
SO nev ~rker s ...i ll be . dded if • cont , .c t [0. $20.000 i ...... rd ..d; obviou.l y .
thi . a ppear. ou t of propor t Ion.

2. The re have be e n prob L e~s ...i t h con t r.ctors co unti ng p.rtt ime ...or kers
• • f ul l ti _ _ pl oy ..es.

l. Contr.c tors . re sc.eti...s un.ble t o ac c~rat ely est ieate the l evel o f
e.p lo~nt on a n .nn~. 1 b• • i s. e.~ci . ll y fo r c ootr.ct . ...ith sho r t perfor..nce
p.. ri od ••

4 . Th.. . e a r .. d ifficul t i i n d.. t .. rmin inlt th.. e.. pl or-nt imp. ct In th ..
...nu f . c t ~ r e r· s I .bor market .

The ... . r e .t I • ••t t wo .... y. o f v.. r;fying e.pl oyer· . r ..pr.....nt .t ;on e. ti..t • • •
One i . to coepare it ...; t h . n emplor-nt e.ti..t . comp~ t ed by d ivid in~ t he do l
l a r value of t he co nt r . c t bid by the contr.ctor· ••v.. ralt" annu.l ... . g.. b i l l .
The .ver.~e .... ge bi ll s houl d not on l y includ.. the annu. l ...agel and • • I.rie. of
employe e • • ba t a l'o thei r fri nge be nefit ••nd employer ' . cont ri bution. t o
...ployee- relaled govern-ent progr..... . Pre bly . t he .ver.ge .nnu.l .... ge
bill .hould al.o be co-puted fo r wor ke r ployed in f i ... th.t . re both cl . s-
. ified in the s .... indus t ri .1 c.tegor y .nd l oc.t ed i n the sa.... geographic a rea
•• th .. b idd.. r . An e mplo ym..nt e n i""'te c Omput ed i n t hi . ...ay represents the
m.simum numbe r o f employee • • on the 8ver8~". th.t co~ld po. sibly be hired or
I.;d o ff due to • ' 81e ..qu8L t o t h.. v. lue o f t he cont r act bid .

Al t hough thi s _ t had i s si. pl e .nd provi de. a gro lS " ball p.ark" esti.. te
o f t he larg.. . t e~p l oyer ' s r e pres ..nt.tion t~ be e.pec t ed of • ' peci fic dol l . r
y. l ue fo r . co ntr.c t bid . i t do.. s su ff e r fr om a t l e. s t t wo defi cienci es.
Pir.t, d.t. 8re gener.I Ly no t 8v8 i labl .. to comput .. f r , ng.. b..ne fit ••nd
empl oy.. r '. cent r i bution. t o ..mpl oy.. ..-rel.t ..d gov.. rnment progr.m. f o r ind".
trial cate go r ie. t o a re~i ona l l e vel s uc h ••• county . Se cond. on .. could make
the. " P by s"",," " r .. l e of th...b" ( . ..ch a . 30 pe r cent of .... g... and • • l a r i ..sl.
Eithe r ....y. one uld be r ..qui red to ignore t h.,. e r to g..n.. r . t e que . t i onab l e
e .t iut e,. Cons ..q....nt l y . i n pr.c t ice. thi. met hod i . l ik.. ly to derive ei the r
great ly esaggerat ..d or highLy q.. .... ti en. bl ....mpL o,..en t e . t;ut e. f or c omp.r i .on
to th..... timat e. supplied by COntract bi dd ..r • •

Se cond . the OLA Employment I mp. c t System u.e ' • • i mple but . ceur.te
=e thod 10 ve rif y e.ployer ·' repre.ent. t i on est i..t e s .ubait t ..d ... ith c ont rac t
. o li cit.tion.. If t he con t r ac t i .....arded . a b id repre.en" • •ale t o t he
b i dder, an d he / .he i . e s pee ted to de l i ve r a pr od uc t o r ser vice for t he .greed
price ( i.e. , t he c en tr.ct vaLue). Wi t h th .. r e ve nue f rc. t h.. cO nt ra c t . .... r d .



~he bi dd"r i. pre.umed to cove r a ll h i . cost. , i ncludin~ p" ym" nlO ' 0 l a bor ,
rent . , taKe., purchd'" o t mdte r i , t . a nd . upplie., e tc . , ;tod a prOf it a s
~e ll. A. a re. ul~, a natura l ~ay o f v"rif Yln~ emplo ye r '. re pr e . ent a t i on
e .t ima ~ e. i. t o co mpare th" doll a r value of sales to the number of ~o rk" r s

emplo yed r a t io ~i th th .. r a t i o of the do l lar value o f the cont rac t bid to t he
employer'. repre.enta tion e.timate . Thu" t his figu re i. the rati o of t he
dollar va lue of the contract bid to i t. emp l oy" r'. re presentation e . t imate
compared ~ith t he minimum and maximum dollar value-of-shipments (i .e . , . a le. )
per ~orker ratio. observed for t he b idde r ' s i ndustr ial cl . .. ification and
geo~raph i c l oca ti on.

Th i . method rel i es heavily on the ,s'umption that fir m. tend to ha ve
relat i ve l y constant r el at ionships bet~een the do llar va l ue of t heir sa le s . nd
t he number of ..orker. employed at all leve ls of production . I n other ..ords ,
, . a fi rm e xpa nd s and contract. its pro duction levels , it also " xpand. and
con tract. t he number o f ..orker. it employ. rough ly i n pr opor t i on to t he c ha nge
in pr odu cti on. The . " 1,, . of .. firm " nd i t . produ c ~ i o n l e vel a r e co n. ide red
.ynonymou ••

Even t hou~h f i rm. are a.sumed ~o have con.tant s a les p-per-~orker ration. ,
one cannot conc lude that ~he rel ation.hi p b.. t ~e" n the dol l a r va l ue of .a le.
and t h" numb"r of firm . i. co nstant for a ll fir ms clas.ified ~ith i n an indus 
tr ial cate~ory . Hence, the Dl.A Emp loyment I mp.ct Sy. t em u." s a r ange of
sa l e.-pe r- ..orker rat io. to ev. luate the re l i .b i l i t y o f an emp lo yer '. re presen
t ation e sti ma t e . In fact. variation f or fi rm. .. ithin indu st r i a l c atego ries
.hould be expect ed for no ot he r rea.on t han tha~ a l t i ndu.t ria l c a t e~orie. , no
ma t t e r ho.. fine l y ~ h e y are cla.s ified by produ c t li ne . h.ve so me d e~r ee o f
hete rogene i ty . But even if One ~e re able to define industria l ca tegori es wi th
pe rfec t ly homn~eneo u . prod uct ti nes , va ri .ti on i n the sa le.-per-~o rke r r a ti o•
• hould . t ill be ex pect ed because technologi cal d i f fe re nc e . are known to e x i . t
by f irm and ac ro•• d i fferen~ a rea . of t he Un i t ed St a te• • The.e d if fer"nc e .
r e . ul t f r om fa c tors Such • • age of t he machinery u.ed i n t he f ac t o r ;es , dif
fe r enc e . in tran .po rt at i on co.t •• differin~ qual it i e s of the loca t labor
fo rce . local acc... . to cheap labor or ra~ ma t er ial ., Loca l concent ra tion. of
othe r fi r m. that prnvid e neede d ma t e r i a l . and _upp l i e s , "nd "a gglomera t i on
economie." t hat re.ult in co.t advanta;:e • •*

*AggLomerat ion econom:e. i. a term u. ed in r eg i ona l a nd ur ban economic
anal ys i s that refer. to comparative co.t ad van t ag e . t ha ~ d"r ive f r om fir m.
located i n conc en t r a t i on. of firm. i n t he '".De indust r y Or in la r s " urban
indu. tr ial compl e xe • • A~glomeration ma y be cla •• ified into four ge neral
categor ie. : transfer economie. , int e rnal eco nomi e s of .c ale to t he fi rm,
e xternal economie. of .ca l e t o the fir m t ha t a re interna l t o t he i ndu. t r y ,
and external economies of .ca le to an indu. t r y. Genera lly , t he comp.rati ve
co.t advantage. der ive fro m t ~o source • • Fir _t . a firm l oca t i ng among ot h" r
firms engaged in the .ame ac tivit y may be a bl e to reduce t he c o. t of t r a i n i ng
~orker . if the area h•• a l.bor pool ~ i t h uni que . ki ll. or has . pe ci al
educationa l fac ilit i e •• Al.o , he avy concentra t ion. of fi r ms of one i ndust r y
in an area of ten .ttrac t ancilla r y acti vi ti e. tha t pr ov ide a chea p . our c e of
ma ~ er i a l . and .ervice. use ful to t he a r ea '. ma in produc tive act i v ity. Se cond ,
t he re are benefit. that a ri . e due t o fi rms l ocating in I . rg e urba n-i ndus t r i a l
complexe •• Frequently cal led " i nf ... t r uc t ure , " t he . e benef i t . a ri . e f rom the
acce •• t o high~ay. , ra ilro.d l ine., .ir po r t t e rmin.l s, util it i e • • co mme rc i a l
and financi a l in.titution. , rese.rch and educati on. 1 in s ti tuti on. , .nd other
.ervice. that would not no rma l ly be fo und i n le . . ..e ll -deve l oped, .mal ler
places . Good d iscu,.ions of ag gl ome ra t i on e con omie s can be fo und i n Hoover
(1948), I .ard (1 956) , Nour se (1968), and Smith 098]) .



r~e ..xtent ..nd m..~ni tu d e of t he indultri .. 1 a nd "p"ti .. t vadation 1n
sa l~s-per-vorker ratios are Kiven in Tabl~ I~ (1911 Value-o f-Shipment a pe r
OIor ke r Stat,n i cs by SIC). "Va l u"-bY-S~I~nts" i. I t e '" _In i nK tbe dollar
value o f l a l ~ 1 for ..nuflctur ing e l t l bll . bMen t . ' .nd SIC 'tandl for Stlnd.rd
I ndun ri al Cl a osifi cation ."'" Ta b l e l~ presents a vlri ety o f u les pe r worke r
.tlt i,tic. (0 1 m. nuf . c t ur 1nR fir ms t hat ue r e compl lrd f,o~ the 191 / Cen.u. of
~anu t l c t ure r s ] (the ~.t cu rrent av ailable ). T~e dlta inc luded tbe v.l ue-of
s h ipment. ( in t hous and. o f 1911 do l li r sl I nd employment'" by manuflcturing
indul try ( It t ~ e t wo- di ait SI C l evel) tlken f re- f i ..s in 211 St.ndlrd ~et ro

poli t.n Stlt i sti c.l Are.s ( S ~ SAs) . An S~SA i s . n urban I r". defin..d by the
U.S. Olfice of ~an.ge~nt and Budg.. t for co ll ..c ti na .nd ..n.lyz inR ..ny type.
of demograph i c . econo~i c . and . oc i .l infor.... tion. The colufllTl ent i tLed " f re q"
includes the numher of f irml in t he .smple of SMSAs for e ach indu.lriat cate
go ry. The col UIM' ent it led "m..an , " "min ." ..mi. ... a nd ",anll." " provide the
Iv.. r.ge . . .... 11.. " . larg.. lt. Ind 'InK e of ob... rv"d vllu"-of-.hi"",,,nt .-pe r
worker rlt io. f or t he fi ... o f e.ch s rc .Itegory (I I I i n thou ••nd, of 1911
do Lllr .). The fiaure • • ho~ t h. t nOt only do v.lu..-of-sbipment. r . t i o. v. ry by
i ndu.tr ial ca t e go r y , but t hey allo indiclt .. a ls r g.. degree 01 vad ation both
wi th i n induot ri.t c1ulification and ac rOIl reKion. of t he counlry .

'~l lu.. - o f-.h ipaents cov.. r s th.. rec.. ived or rec" iv.ble n.. t s.. ll inl vll u" • •
f .o .b . pl ln t (e 1c lusiv.. of f re ight and t • • e. l . o f ILl product••hipped .
bOth pr imary .nd .e..ond. r y ; it i nc lude . all mi . ce l l.ne "o. rec .. ip~ • •• uch .s
r ..ce1pt . for c ont r l c t wo rk per fo r me d for othe rs , in.tallation . nd r e pa i r ,
•• l .. s of sc r.p , and ' 1 1e o f pr oduc t . bought . nd r".o ld wi t bou t furt b.. r
process inl. Include d a re . 11 i t e•• _d.. by o r for tbe eltlblish_nts fre
_t"ri. Ls own..d by it , wh.. the r .old , t rlnsferred t o othe r pl.nts of the
..... CO$p.ny , Or . hi pped on con.i~nment. The n~t sel linl v.lue o f produc t .
m. de in one pl.nt On a cOnt rac t ba.i. l r om mate ri. l. owned by .nother "'" I
re por t ed hy the pi.nt providi nR l hc moterisl • • I n t he c .... of multiunit
co-pani " •• th" mon",f.c tu r .. r w.s Isk..d t o re po r t t he v.lu" o f product.
t r .nsfer red to othe r .. . t.bl is~nts of t he s.... comp.ny .t fu l l econo-ic o r
co~rCl .! v.l"e (i . e • • i nctudi nl nOt onl y the d irect cOlts o f production
but ..1.0 • r ....on. bl .. pr oport i on of " . 11 other COlt • •" i nclud inR COlllpany
ov .. rhead and pro fi t) .

"The Standard Indu.tria! Cla l.ific.tion ( SI C) de f in e s i ndustries by t ype s o f
. ct i vi ty i o Iccordlnce ",i t h tbe compo• • t ion Ind It ructure of t h.. econoay
and covlr. the ent ire f ield of econc.ic . c t iv i t iel . It i. r ..v i.ed
per i od ic.l ly to reflect t h.. chlnginl indust ri.l c ompo l i t ion of th" econOly.
The pr e . ent r evision , for the ye. r 1912, i s tb.. f,.t .. jor one si nce 1 9~1 .

See 19/ 2 St an d.rd Indust r ,"L Cl.sli f 'c.t ion ~.nu . 1 (Off i c e of ~an.Me...nt
.nd BudKet) .

*"~ployaent i nc l ude . II I fu l l-ti....nd p. rt -ti me ...pl oy.... . On th.. p.y ro lll
of ope r l t i nK ..nuf.cturinl est.blishments du ri ng . ny par t of t he pl y pe riOd
endinl ne . r ..st the 12t h o f th .. &mnth. specified on th.. report fo ... .
I nc l uded I re II I pe r.ons On p. i d s iCk I...v.. , pa id bolidl y•• and p.id
vacation. du r ing th...e p.y pe riodl . Of fic e rl o f co rpo r.t io n•• re incl uded
•• empl oyee .: proprietor. and pa rt ne r . of un i ncorpora t ed fi rms a re
.. . c1ude d . Th.. ".11 e..ploye"s" numbe r i, t h... v.. ..g.. n""ber o f production
wor.erl plu. the n""be r of otbe r ..mploy..... ,n .id-~.rch . Th.. number of
product i on workers i, the .verl'l' fo r th.. mid-.onth payro,l pe riod' of
M. rch , Ma y, Au,u.t , . nd Nove. ber .

4 319 / / Cenl". of Manu f l c t urer.: Ceo r. h i c Ar e. S.. r i .. . ( Burelu of Cen . us .
U.S . n..p.rt "",nt of Comme rc .. .
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Th~ OLA empl o~nt I mpact Sys tem ~ I pl o i ts the i ndult ria l and I pati a l var·
i al io n of the vaille-o f-shipmento ralios by compiling salu - pe r - wor ke r rlltios
l hllt are uni que hot h to th~ indultry in Wh i Ch the cont ract ed product i. made
an d to the ~eO&ra ph l C are a in whi ch the c om.odity' . produc e r i. loc a t ed .
furt he r~re . t he OLA Emp loyment ' . pact Syst em u tes an a pproach to c ompute bot h
the mini~ and ... i~ .ales-per-wor ke r r a t i o l li kel y t o be found for pro
duce rs of s i.ila r Iloods .. ithin the sa"'" leogra phi c a rea . Thi s i l done by
a l sumi nl a cons t ant re la t i ve d i a tri but ion of sales - pe r · ..o rke r rati os by si . e
of f irm foe t he same indus t ri a l cat e lt0 r y a. the co nt r act ed produc t at t he
na t ; on,, 1 I"vel.

The procedu res used by the DLA Emplo,.en t I mpact System to compute t he
minicu. a nd .. s i~ sales-per -vorke r rati os are pr e sented i n Tabl e 16 (Va l ue
01 - 5hi v-en t. per ~orker Calculation. fo r Mon-I estile 8aCI (SIC 16'] ~04e i n
Los Ancel e s - Lonl Bea c h ~"SA I . The statiltic s .hown i n Table 16 a r e c l assi f ied
ac cord ing t o firm si.e , "s ~a.ured by t he annua l ave ralle number o f wo rk er s
employed by fiems produc inlt non · t e .tile blllts {SIC 26'3). At t be U.S . level ,
Tabl e 16 prov i del t he nu.be r of ..or ke rs , t he do ll a r value-of- sh ipment s , snd
the va l ue-of-sh i pment s - pe r-wor ke r rat i ol by f ira size a nd in tota l fo r non
Ust il " ba . producers. The col..... ent i tled " "a l ue - of - s h i v-ent l - pe r - wor ker
r"lltive to u.s. total " il t h" d i ltr i buti on of va l ue-of ·.hi ~ntl-per·_rke r

ra t IOs by Ii." of fi ~ re la t i ve to t he sales-pe r · ..or ke r rat i o fo r al l f irms
prOduc,ng non- te stile ba g. .. ith in tbe Uni ted Sti t eS. The dis t r ibu t i on o f
.al " . - per - ..orke r rat ios by f i rm . i ze for f irm. produc inlt non- t"st ile ba g. in
the Los AnKeles-Lon. Beach S~SA il estimat e d by applyin. the di lt ribution of
.ale~-p"r-work"r ra t i o ~ r~ lat i v" to t h" Uni t"d Stat"s t ota l t o th" val u,,-o f
s hi ~nt.-per-work~r rat io for al l f irm~ prod uc inc oon-t~.t i le bag. in th" Lo.
An." I ~s -Lon . B"ach S~SA . An i mpli ci t a,"~pt i on i. t hat t he rel at iv" d i .tr i 
but ion of ,al~ s-per-~or~er r a t i o , for an indu.try by f i... i&~ i ~ the lame f or
a r eg i on as It i s I t the nati onal leve l. ~fter these computa t i on. are com
pl 'H e, th" t>!.A Elll pl o ylllent Imp40et 5yl t " . t hen ch oo se. t he .. inimum arid ...... i ml1/ll
" s ti mated SIl \eS- per-~o eke r eatio s ,. t ~ e r.n~e of Sal"" -per-work,,r r lt;oo to
""r i fy lh" " .. pl o) e r' s r"presenta t i on "st; lII,t e . For th" " .ample of non -textil"
ball produce n in the Los Ang" l " s - Long B~a c h SI1 SA . $"' .200 ;s th" .in;_
.ale.-p"r-_e~"r ra tio a nd $11,000 i . t he larce.t valu~-of- sh i v-ents- pe r 

worker r a t ' o . Mot ' that $b8.DOD •• the • • pect ~d or avera~e .a le .-per-work"r
ra t i o fo r al l fi ..s produc ing non· te l t i le btg~ i n t h" Lo ~ Angel~.- Lon. 8each
S"SA.

To act ual l y c a r r y out an emplo ye r 's re pr e s ent a t i on verification ch"ck .
t~. OLA F~pl oymP-nt Impac t Sys t " . def lates t he c ur rent -dolla r v" lue of t he
contract b id t o I e f l ect the pri ce l e ve l o f 191 1 u, i ng an a ppro pr i ate product
pri c~ de f la t or . 4 Thi . proc"dure re sul tl in a cons tant-do lla r con t rac t bi d in
t .. ... of 1911 dollars. N"n . a ..s i_ rang" of eH i.. t ~d _p!or-nt ..a l u".
i l c omput ed by d i v id i ng t h" c ons tant-do l lar contrac t bid by the ... i_ and
. ini_ u l eo-pe r· ..o eke r ra t i ol . Fi na l l y , the "",p loy.. r '. r e pre . ent a t i on
est i ma t e i . compared wi t h t he ra0lte of esti mated " mployment valu... . If the
"mpl oy"r' s repre~entat ion e . t i .....te fall . with i n th" r anc" , then it i s presumed
t o be rea sonabl" . On the o ther hand . if t he empl oyer ' . r"pr"~,,ntati on
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e.timat p f a l l. out . i de the e . t imA t ~ r anK~ , then t he empl oyer ' . repre.~ntat i o n

e.~ imate ma y b~ inva l id or , a t leal ~ , que l t iona b l e,

The DLA f.mp l o y~nt I. pact System ca rr ie. out a re" i onl l .mp lo y~n t impl c t
anl l y. i . u.in" I relt i o n f in du ot ry - . ~ e c i f i c empl oymen~ mul t ip l i ~r. The • • mult i
pl ie r. con.ide r both ~he unique n a ~u r e o f t he "e ograph i c a re a I nd i ts i ndus
t r ial .truc ture whe r e the product il made, II "e LI as ~he techni ca l proce.1
uled to ..nu fac ture the c_dity. I.i ke ~ h e economic bale .....I ti pli e r , a
regi onf indu . try- . pee if i c ~Iti pl ie r e .t i ..tes t he .eeonda r y e.ptormen t effec tl
( both ind irec t Ind ind uced ) tha t a r e ca us ed by an initi a l c ha nge . However .
un tik~ th~ ecanomic base mu lti pl i . r , I reg i on/ i ndu.try· .pec i f ,c .u lt ipL i e r i l
un i que to the i ndult ri a l .ec l or t ha t i l i ni tiall y a ffe ct ed by an au~ onomou l

c ha ng••

The region/indLstry-lpecif,c ~plo~nl aull ipli . r il c~puted ul ing t uo
ea.ple.entary ..t hodo log.el . fir . t , I r ea i on / i ndu. lrY· l pec i f i i out put ~I t i ·

pl ie r is c omput ed ul in g t he procedur es de scr ibed i n Chapter 1. 5 Second , t he
r~K ionfi ndu.t r y·. pec i f i c output mult ip l i e r i s co nve r ted int2 a regi an /indus 
tr y- . pe c il i c empl a ym<'n t mult i pl ie r uli ng I . i mpl e procedure 6 i n "h i ch .uch a
...!til'l ie r fa r a n indul t r y (indun ry i , for e ....ple) i l

, .• 1. 0 • ~ ( , . - l.O )
el ej q J

whe re :
,_ 11 t he regi on- I pecifi e ",.. pl or-nt .". l l i pli", r fo r i ndus t r y j.,

e il the "ve rege ra t i o of e. plor-ol to out put f a r a n
indust r .e. in t he re g ion

e i " u t he r l t i o of . mplo y.... nt to out put t or i ndu.t r y j

[ £q 361

• •
"

is the r eg i on-spec i f i c out put mul ti pl i e r fo r indult r y j
(cOllpu ted by t~e I IMS .. t ~odo l o& , ).

45Ah o s . e R. L. Dra ke , " R.. l at i ons h ip B.. t...,en D i r~c t a nd I ndi rec t Compone nts
of I nput -Ou tput Multi pl i e r" (a pIpe r d..liv"red at t h.. 1'174 m..et ing of the
We. t .. rn lte~ i o n,, 1 Sci e nce " u oc ia t ion); and R, L, Drak e , "A Shor t - Cul t o
hti.... t u o f Itell, i anal l np.. t -()ut pul Multipl i e.. : Met hodol o&y a nd £"al ua ·
t i on , " Int ernationa! Re, i onal Science Ite"i"" ( Fal l 191& ), pp 1- \ 1 ,

46 Se e I, L. Burfo rd and J , l. Ka t E, "On t he t . t i ..t i on o f Vat ..e Added , I neOlle .
and P.m plar-nt Mu l ti pl i e r s Wi thout" Ful l l nput -Qut put Ma t r i." (a pa pe r
pre .ent ..d " l t he l~lB meet i n ~ . o f the Sout he rn Economic ASl oci" tion ) .



5 SUMMARY

Thi. effort doc umeot. the me thodolog ie s heh i nd the developmen t of t hr ee
type. of rel(iona l economic mode l in l( tools to be incl <lded a s pa r t of HPS: the
Bureau of Re cl amat i on Hconomic Ana l ys i s _~ o de l (RRHA'l), t he ReKi onal l nd... tri al
Mul t i pl i e r System (RI MS ), a nd t he Dr.A Empl oyment I mpact System. These ..nha nce
ment s will increase t he overa ll utilit y of HIPS to a ~ i d e variet y o f ETIS
u.ers involved in economic and soci a l impact a.sessme nt . These i mp roved capa
bilities ~ i l l moke t echno logica l advances in th .. fiel d of re gi onal ec ono mic
impact anal y.is availab l e to the ETIS u.er communit y os on in tegra ted s ystem.
The prospective use rs s hould ~na l yze t hese propos ed techni ques ond a pproaches ,
e va l ua t e their ut i l i t y, and pr ovide Comme n ts f or impr o v in ~ t he i r in t egra t i on
into HIPS .

J
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