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(i) 

PREFACE 

'in 1976 a research group at the University of Queensland 

were comissioned to produce input-output tables for the state and 

regions of Queensland. The er1suing report, which is now known as the 

GRIT Report (Generation of Regional Input-Output Tables) was produced 

for the Queensland Coordinator General's Department and the Queensland 

Department of Commercial and Industrial Development. 

GRIT is a va1·iable-inte·rference non-su:rvey based system, 

producing "hybrid" input-output t2bles. It is based on a combination 

of survey and non-survey methods but allows interference in the 

mechanical application of these methods at the discretion of the analyst. 

Considerable interest in the GRIT method was evidenced on 

its appearance, and enthusiasm for developing GRIT type t r.oles for 0 1 },er 

areas of Australia emerged. 

During early 1979 the Governments of the No·rthem Territ ry 

and South Australia commissioned the authors to produce input-output 

tables at a regional and territory-state level. Since its emergence 

major modifica.tions havf~ been made to the original GRIT procedure and 

the new system has been entitled GRIT II. This Repol't is the Northern 

Territory section of twin reports and contains input-output tables for 

the Northern Tenitory and its regions. 

The GRIT II system is a fuTther attempt to promote regional 

input-output analysis from the atatus of simply a research technique 

to that of an operational planning technique. 

GRIT II provides a methodology for developing regional 

input-output tables at relatively low cost, but free of substantial e:rror. 
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CHAPTf.:R 1 

INTRODUCTION 

1.1 Background of t:i1e Study ______ , .... - ---------~-
In 1976, following discussions between rerH•e5ent at i vc of the 

Queensland Co-ordinator G';!:iera.l' s Department and a r.;)s"·arch group ,:t thc

lfai versity of Quee:ns land, it was ag-r.·eed that the r0.search r,roup would 

produce :input--output table_,:; and mu1 tipliet·s for the state and regions of 

Queensland. The project, funded both by that dcpaTtme,n t :;r<l tho Queensland 

Department of Corrnercial and Industrial D•~vclopmcnt, rcsult0d jn December 

l ~-7 . h 1 t' C'Rl'f · l :~ , in t e report now Known as nc , report. 

'fhe research group faced t.}H:, major probl3:,! t:1:Jt the :,l•tho<ls i::i 

current use to assom½le -regional i.nput-o tput tables we.·rc., f,:-.r ob\:ious 

reasons, 1.msuitable for the project. The most wideJy used method, the 

survey method, ideally involved sample surveys of firms in each ind:..istry 

in each region, of consumers, governments and so on. Such a task was 

prohibitively expens;ive, not only in t:?TinS of ftmds, but in terms of time. 

Tables of this nature frequently involve seve-ral :;,an-years; the tabl.3s are 

frequently outdated by the time they arc pubJ i.shcd . The rd.t c~w1t1.v~s to 

the survey approac'1 w~re a numbnr of 'non-survey' rp:rroaches wr1ich attcmptr;d 

to produce regional tables from national tables hy applying 'single-sheet' 

conversion techniqu~s cf various type,; th~ non-survey tables which 

resulted from these procech.!rcs wer~ of duci.0~;-:; rep1..;tr',, ,~n<l generally 

accepted as of insufficient accuracy. 

-------------------..----------- .. ,,.., __ -------- .. ·-·-~-----
1. Jensen, R.C., Mandeville, T.D , and Karuna1·atnc, N.D. (1977), 

Generation of Regional Input-Output TabJ_es. for g~_?1'·ns ! and. Report to 
the Co-orJinator General's Department and the D~par.tm>E::nt of Co!llrnercial 
and Industrial Development, Department of Econor.Ji l":s, Uni VE>rsi ty of 
Queensland. Published (1979) as Region~l Economic Planninl.'!: Generatj on 
of_ Regional In}?ut-Output Analxs,is-:-croom Helm. 



It was cJ ear that a new procedure .for praduc ing regional input

output tables was necessary. This procedure shouI<l produce tables of an 

acceptable degree of acc1Jracy in a re lati vcly shc·rt 1,criod of time and at 

relatively 'low co3t. Following a period of theoretical rusca:.:-ch, a 

procedure termed the Generation of Regional Inpi:t--Ovtput (GRlT) procedure 

was evolved. This procedure employed a number of mcch::udca1 means to 

produce first estimates of regional input-o•Jtput table:; from nationr:il 

input-output tables, ancl allot-1ed facilities for operator :interference to 

introduce survey-based o.r. other :;uperlo:r esti1mites into the tables, acc:ordil"~ 
'1 

to the prefe·.rences of the analyst . .. 

Sine~ the emergence of the GUT report, the~e further developments 

associated with the GRIT procedure have occ•.irred. One development has 

been the use of the procedure fo:r ,k:vcloping and t.:sing GRIT input-output 

bl f . d' 3 ta es or impact stu 1es. Another has been the interest shown in 

evaluation and improvement of the GRIT procedure. A th:!. rd devcli>prnent has 

been an active inter.est in the development of GRIT-type tables for other 

areas of Australia. It is with the last two of these that this report is 

concerned. 

During early l 979, dis i..- ussions took place between the authors of 

this report and the governments of the Northc rn Tc r-·d. tory and South 

Australia. Both of these governments cor.i;nissi..cne<l the authors to produce 

input-output tables at a regional and terri tory-st::,.te Jcvel. These tables 

are contained in twin-reports, of which this report refers to the regions 

2. The procedure is discussed in more detail in Chapter 3. 

Mandeville, T.D. and Jensen, R.C. q978), The !-:-ip,;ct of ~lajor 
Development Projects on the Gladstone/g_all.i~pe, F1tz~?Y, Queenslcmdt. 
and Australian Economieg: 1'-n J\.ffli Cf!:tion of ln£ut-Out~n:~-~xsis_. 
Report to the Department of Commercial and Industrial Uevefopment and 
Comalco Limited, Department of Economics , Unive·rsi.ty of Q_uc(:nsland. 
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and territory of the Northern Territory. The- mai1-.. obJecti. ve of this rF>port is 

therefore the portrayal of the economy of tlw Northern ;f!rTito:-:-y and its 

regions in input-output tt,blcs i,.,hich arc deeir,ed te '.~,c frue of sub~.tantia.l error. 

A second objective of this study is of some 'inrpor'..:a ice, and 

relates to the nature of the original GRIT methodology,. This methodology 

consists of a number of procedural steps, each of which was cons:i<lered to 

cont-r1.tmte to the ultimate accuracy and real ism of thc1 f.ina l 1.np1,1t-output 

t:ables. Some of these steps have been ti.e subject of c1·itlcism in the 

literature, and were deserving of closer attention in order to improve 

the accuracy of the calculation procedures. Perhaps more important, h0wcver 

were some of the conclusions reached relating to the accuracy of the GRTT 

tables. The GRIT report took. a pragmatic approach to the question of 

accuracy, suggesting that a holistic concept of accuracy was appropriate 

and that such accuracy could be attained by concentrating more effort on 

the larger coefficients which exert a greater influence on the size of the 

multipliers, and less on the smallet coefficients which a:r~, apparently, 

operationally irrelevant. 
4 

Thus the GRIT rer;ort implied a Ttmgh concept 

of accuracy optimisation. This report is much more e~~pl ici t with respc,.:t 

to this con~ept, and attempts accaracy optimi.satic-n as an explicit additional 

part of the technique. The report provides some tht!oretic::.l discussion on 

the aspect, and some illustrative examples. The authors feel that this 

major modificaticn to the GRIT p:roc<.':1.l1 r::-e, vdth the scJcr:.il minor modifications 

mentioned later in the text, 1·equirc this version of GR.!'!' to te distinguished 

from the original predecessor., and \'1e have attached the title GRIT II to 

the procedure which actively inco~porates the accuracy cpt:imisatfon 

p-:-ocedure. 

4. See Jensen, fLC. and \~est. G.R., "The Effect of Relative Coefficient 
Size on Input-Output Multi pliers''. ~rorur~!~d I:_lann~..:':!~.-~ 
(forthcoming). 
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1.3 Ovt.l i ne of the Repm~!:._ 

are repcrted in Chapter 6 ;.:.nd in the vr!r:ious ap::,,::mrH,~es. T1.·o other aspects 

of this report requil·e. however, description at sol'fto length. One: of ·che.se 

aspects is the revised definition of tlD co;rn>on-~nts of i npHt-ouq1ut 

multipliers usNi in this study. This revis◊d dE'fin.ition wi 11 rep1.,:jce the 

conventional definitions used in the past, in all further input - output 

work by this research t,~am. lt is des1;ribeJ Ln some detail in Cho.pter 2; 

a copy of a paper written by G.R. West an.J RJ:. Jen::en on thi~: tr.-r-:~ 1:-; 

included in this report as Appendix IV. 

The second aspect requiring description at sorr.~ length .i.s the 

revised GRIT system. The system·, as published in the original GRI r report 

is described briefly in Chapter 4. Some signj fi,::nn t dwnges to the odginal 

formulation are described in Chapter 5; th0;;~ are sufficit:r-tly significant 

to warrant an identifying title to the new coinputationa 1 package used .i.n 

this study- and the term GRIT II has beon applied. 

A. brief discussion of the selection of regional boundarie3 is 

prnvided in Chapter 3. 

The report is des:i gned so that readability ::: s j mp roved by 

placing the mass of technical detail in ar:,pendi ccs. 



INPUT-Ol.ITPUT TABLES AND MULTIFLIFRS
1 

Input-output tables and analysis have been part of the li te·r~i"!:ure 

of economic analysis for some time, antl it is probably not necessary in a 

report of this nature to include another s:impl~ outJ.inr, of the technique. 

A number of useful texts2 provide introductions to the technique j and 

these are recommended for further insights into the power anti flexibility 

of input-output. This chapter pro·,rides only a brief summary of input-output, 

by reference to a highly aggregated 3-sector tab le of the Queens: anJ economy. 

This summary is included primarily to demons t:tate the multiplier 

structure and terminology usecl in the empirical sections of this report. 

The authors have been dissatisfied for some tjmf: with the conventional 

input-output multipliers and the inconsistencies in :i.nttn·-prc-::ation of 

these multipliers. ;They have developed a revised structure and terminolob,y 

for input-output multipliers; this structure is considered to be simpler 

to interpret and to avoid inconsistencies in interpretation. An outlin(~ 

of these inconsistencies in convc::1t:i onc1.l multiplier::; und of the r0vi~;ed 

multiplier format is prnvidec in ;r.c:·o detai... in Appendi x IV. 

2.1 The Input-Output Transact:i ons T~b 1~ 

An input-output table represents ;.in economy in terms of aggregated 

industrial or commodity groups, or sectors. The table tracc:s out the value 

of transactions, in dollar terms, between these sectors for a gi ,,~n year. 

Sectors sell goods and sei'vices to other sectors and to final users or 

final demand, and buy their inputs from other sectors and :;ources cf primary 

1. The early pages t,f thi~ chapter draw heavily from the original GRIT 
report. 

See, for <'Xa.JTl:'flle (a) Miernyk_. W.H. (1965), Eleth.mts of In~ut-Out,ut. 
Analy~,ls~ Ihmciom House; (b) Chencry , I-~ B. & Clark, P.G. (1962 , 
TntirTiidu.su1'_EE_~_!l-~mic~. IHfoy; and (c R.; cha •·d:son, H.W. (1972), 
lnput-O~.t11ut nnJ. l\,;;~j.l)Wl! i:..1.:0;~1.:; ,i~i'.:. :> ~ \'I.i t· (I'.: 1~· •.: • '~ :~ l c,;;l sc~·t . 
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inputs. The transactions table suritmariscs t.hc intcrsectoral flows for a 

given period and is conventionally presented in m,1t.rll, for;-11. A highly

aggregated 3-sector transactions table for the Qu,:--en::,l~~nd economy is shown 

as Table 2 .·1. Each row indicates the sales flo,~s from urH: sec.t;Jf to 

another and to fina.l demand. From Table 2 . 1, Sector l sells $129 . l m of 

its output (of $1819.9m) to fitn;s in thr same f,ector, $703.Sm to firm:: in 

Sector 2, $20.6rn to firms in Se ctor 3, $102.4rn to household co11sumers as 

final users and $864. 3m to other final demand sources. The columns show 

the purchasing patterns of the sectors. For exampl<➔, Sector 2 purchases 

$703.Sm from firms in Sector 1, $778.6m from firm~~ in the same sector, 

$503. 2m from firms in Sector 3, $946, 9;n from primary inputs in the firms 

of household labour (via wages, salaries etc.) and $1107.Gm in the form 

of other primary inputs. 

TABLE 2.1: HIGHLY AGGREGATED TRANSACTIONS TABLE, QU]l3NSLA.ND, 1973-4($ml_ 

l 
2 
3 

Households 
Other Primary 

Inputs 

Total 

Intermediate Sectors 

1 2 
(Quadrant I) 

129.1 703. 5 
242.5 778.6 
224.0 503.2 

3 

20.6 
359.2 
536. 7 

(Quadrant I II) 
191.6 946.9 1660.4 

1032.7 1107.6 1446.7 

1819.9 4039.8 4023.6 

Household Other Final 
Consumption Demand 

(Quadrant II) 
102.4 864.3 
7ti2.2 

14:1,4. 2 
l 897. 3 
1325.5 

(Quad1·ant IV) 

500.1 429.2 

2798. 9 4516.3 
---------------------..L--·----------

Total 
Output 

1819.9 
4039. 8 
4023.6 

2798. 9 

4516 . 3 

17198. 5 

It is usual to define four quadrants (Quadrants t to IV) in an 

input-output table. Quadrant I is termed the 1 in-rermediate 1 or the 

iprocessing' quadrant. Jt shows the flows of tr:m:;actions bet1\!'e€'n rho 

industrial sectors defined for the study, and, as later describedi provides 

the analytical core of the input-output technique. Quadrant II indicates 

sales by each sector to final demand. 11iis qu:id:r.ant in most input-output 
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tab le:; tradi. t iorrnlly include" c,,1 umns r-·,0 lati ng to ppr<:nna1 cons,Ju ;t ior., 

not purchases fr~w lo<.al i" ii;;:;tria.1 $,'ctor~. 1 t represents im1ir ly 

for deprec.i:itJon, i.mhr'ect tnx!::s, wages :-ind sal.ar.ies {t'1c ho,.;!,ehol d T,M 

ignored in ::ma i yU cal terms. This quaclr.'.iri L ,_nclt:·.>s :,ovC'if , . J.n t~1b it~s 

with direct allocation of impo-rt~3. the b;.isi'- ·;abc (~f imported goods 

consumed by householders; this is often a :relatively signific:a.nt ent:ry 

in input-output models of small o-:-· rvr,:J. economies. 

The number in a particular toble is dctermi.ned 

mdnly by thc- availability of data and the objectives ot the stud_v. All 

endogenous ~ec:tors of the economy are included withiv tho intermediate 

quadrant of the table and all exogenous sc~ctors in .:ithcr ciuadr.:mts. 

Endogenous sectors are those which u.:.·e ossumcd to he influerwed uy tho 

internal st1·ucture of the economy, wh i 1 e cx0•1enous St'-ctors arc th.ose assumed 

to be govern(!d by external influences. Thus ex:,ort::;, c,•pi.t:•l expendi tu.,..e 

influenced primarily by factors extcrn.:t1 to t.'\;e rcgjon:.l econom'r. Per:;,:.r;:d 

consumption expenditure is treated as c;:ogenot~s rn one type of lnput -output 

t·nhle, the standard or 'open' model, hut a::; ('fici..:i:~enoL,s in tlic 'closed' vr 

induced---conswnption model. 

The t ansact:i.ons table provides J. cc,ncisc; cl script~ ve snapshot 

of a particular economy at a point .l n time. It ; s also a <l:i ·:;aggreg:,tcd 

and consi-:;tent accowH.ing system fo1· an t'C.r:mor:y. The fJ. tMl d.;mand 

components are consjdt'-eu to iHdlcate th0 equivalent of wha t G>1P o.r 
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GRP (Gross Regional Product} mci:l:-; u1'es on rhe e>.pend.:i ture side, n:1d 

primary inputs are the same as the receipts side. However! since (',NP 

or GRP accounting seeks to avoid the double-counting involved i:1 all 

the transactions leading up to final demand, it contains r.>n 1)' part of 

the infonnation represented :in au input-output ta.bl c. Iri 1:;1e 1:egional 

policy and planning context, the transactions table giv<~s both a general 

understanding of the economy of a particular rt•gio1:, :rnrl imp0rtant 

information on particular aspects of the rq.dun's economy. 

Before discussing the output, income and employm,.mt multipliers 

in some detail, it is nece.55a-ry tv disUnguish between the treatw,!:,t of 

the household sector in 'open' and 'clo:;e<l' input-output models. fn open 

input-output models, household personal consu!1:p tion j s located in the 

final demand portion of the table , and its accompanying row comprising 

wages, salaries and other household income is included with primary 

inputs. Alternatively, the input-output table may be dosed .~ith 

respect to households by inserting the household row and column into 

the endogenous matrix. The implications of these al ternati vcs wi 11 

become clear in the discussion on mut tipliers in Sectlon 2. 2. 

2.2 The Mathematical Stru1:_ture of InFut-Output 

Once the transaction tahie has been compiled, simple 

mathematical procedures can be applied to dt:'TJ ve nntput , income and 

employment multipliers for each sector in the economy. These 

procedures are illustrated briefly wj th ac.cc.,mpanyinR cormn;.!nt. 

The transactions table may bo represented by a series of 

equations thus: 

' 



where 
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Xl = Xll + x12 + .. ". 4,. . , . + xln + V . 1 

X - X21 ~- V + + x., ... y A 

'-·2 
. .... . . . 

2 ,.n 2 

X
1

+X 7 + .... .... +X +Y 
n n~ nn n 

X. = Total out.put of intermediate sector i (row totals) 
l 

Output of set.tor i pm:chascd by sector j (clements of 
processing sector) 

Y. = T{,t a.l fir1;1l demand for Uw output of se~tor i 
l 

It is possible J by divl.<li.ng the demerits of t:he <'D1 umns cf t h,~ 

transacti.ons table by the respccti \.' ,:· column totals to deri vc uJ,:,ffid,ent s 

which represent more C'l ~arly the µttrchasing pattern nf l'c1eh sector. 

These coefficients, variously termed 'direct' or 1 1.nput-output' 

coefficients or less appropriately 'technical coeffi cients', ,!l'C nonna1 ly 

notated as the a . . , and represent the direct er first round rcquircmerrt lJ 
from the output of each sector following an inc: rea.se In output o t any 

sector. 

In equation terms the model bt}comc·s: 

XI 

x2 

X n 

= al lXl 

= a21 xl 

:::: 

+ al2X 2 + 

+ a,,2x') + - .. 

. . .. . . .. .. + 

......... " + 

'1 V 
' ln "n + YI 

a .... X + y2 d:ll n 

a X + Y nn n n 

where a. . '- X . • /X., when a. . is the inn_,. ut-out1mt co0 ff i dent. 
1] 1.J J lJ 

This may be represented in matrix terms: 

{ t ' X = AX+ Y ........ ' .... - • <! • ~ • • .. "' • • • • • • • t ' , 



where 

to. 

A = [a .. J, the :11atrix of input--output coefficients . 
1) 

The A matrix of direct coefficients for th{! Queensland eJC:;r.ic i e 1s given 

as Table 2.2. 

1 
., 

3 I. 

1 .071 .174 .005 
2 .133 . 193 . 089 
3 .123 . 175 . 133 -~-... -----~ ....... ,--· 

Total 
In termcdi ;!t .=: • 327 .492 .227 

Households .105 • 234 .413 
Other Primary 

Inputs .568 .274 . 360 

Total 1.000 1.000 1.000 

Equation (1) can be extended to: 

X(J-A} y where !-A is termed the Leontief matrix 

-1 
where (I-A) is tenned the t general solution' 

(or simply the inverse of the open modeJ). 

Let this general solution be represented by: 

Table 2.3. 

z :: = [z .. 1 lJ 

This open inverse i s given for the Queensland e x,unp le by 

TABLE 2.3: Z: (l-A)-l, _QYEENSLAND, 1973-4 

1 2 3 

1 1. Jlf .246 • 032 
2 .205 1.304 .136 
3 .188 .222 1 . 178 

Total 1.509 1. 772 1. 346 

The input-output table can be 'closed' with respect to cert ain 

elements of the table. Closure involves the transfer of an item from the 

exogenous portions of the table (exclusively Quadrants II, II I and IV) to 
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inclusion in the endogenous section of the table (Q,iad1·:1n1: T); ch•~un, 

implies that the anaiyst considers tha.t the> t,am f.:::r:rcd i tem is related 

more to the level of local economic.activity thm: to external i nfluences . 

Closure of input-output table s with r~si;cct to househ~:1Js is common; this 

is illustrated for the Queensland table in Table 2.4. 

'.!!_~LE _ _?._._ :_l_: ___ __ MATRIX _ OF _DIRECT COCFF I C IENTS • CLOSE D WiTH 
.,M,·•r,· ·,""'1 · ·1·0· l-lOUSEHOI l' ,. g11reN~1 \Nr) l\l;t.'">r t, . ..,, 1 r ~ ~ }.::, , ut. ' ,..> Ji t ,. 

1 2 3 Households 

l .071 .174 .005 . 036 
2 .133 .193 . 089 .273 
3 . 123 .125 .B3 .512 

Households .105 .234 .4)~ 

* We refer to the 'closed' OT 'augmented' mat rix us/\ ; the 

* * ~ -1 inverse of th<:- Leontief matrix formed f::-om A is given by Z ,, ( 1-A·) , 

and is provided for this example in Table 2 . 5. 

1 2 3 HouseholJ..s 

l 1.165 • 332 .138 .204 
2 .378 l.604 .505 .710 
3 .456 .689 l. 752 1.102 

(Total) (1. 999) (2 ,625) (2 . 395) 
Households .399 .695 . 856 J.M., 

2.3 Input-Output Mttl_!l:2.!.iers 

2. 3. l The Structure of Input - Output Hultip!ie~ 

This section avoids the use of t ht' conventiona 1 terms "direct" 

and "indirect" because of the confusion of meaning attracted to· these 

terms, as outlined in Appendix !V. 3 

A multiplier is essn1tially a measun~ment of response to an 

economic stimulus. In the c.;:-e of input-output multipliers the sti111ulus 

3. This section draws hcavi 1y from the paper reproduced in Appendix IV . 



is nonnally assumed to be an increase of one dollar in sales to final 

demand by a sector, and we are intt•1·~stcd in the major categories of 

response in terms of output and income rn :- rna--es. Theso major categories 

of effer,t/response are listed below . They are: 

(i) The InHia.!. Effect. Thi:: rt~fo.r:, to the as:;umed doll.it 

increase in sales; it is the stimulus. It is the unity base 

for the output multi.plier and provides the idcnti ty matrix of 

increase in output is an own-sector increase in household (liH) 

income in wages, salaries etc. use<l in the proc.~uct:i on of th?.t 

dollar of output. This is the household cc•effident h . ($0.105 l -

for Sector 1). Associated also wil 1 be an own-sector j ncrease 

in employment, determined by the size of the emp l oy111ent coefficient. 

(ii) "Ibe First-Round Effect. Th.is refers to the efft.:ct o-f the 

. fj rst-round of purchases by the sector provid:i ng the acldi tiona l 

dollar of output. Clearly in the case of the output mul t:iplier 

this is shown in the elements of the direct coefficient :.; matrix 

(Table 2. 2). For example, the direct effect of an increase of 

one dollar in the output of Sector 1 is $0.071 on Sector 1, 

$0.133 on Sector 2. and $0.123 on Sector 3 (these are termed 

the disaggregated direct effects) or a total of $0.327 on all 

intennediate sectors of the economy. The disaggregated effects 

are given by the individual a .. , and the total first-round 
lJ 

effects by the i a ... 
i lJ 

First-round income effects are calculated by multiplying the 

first-round output effects by the appropriate !U--1 incone 

coefficients, as shown in Table 2.6. The total first-round 

income effect is given by E aiJ' hi, in this case $0. 01.;9, and 
i 
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TABLE 2.6: FIRST- ROUND rncmrt: E£FECTS, SECTOR 1, QUEENSLAND, 
1973--4 

Sector ai 1 h. a. 
1 
h. 

l l 1 

.0 71 .105 .007 
2 . 133 • 2 3,1 . 031 

3 . 123 • I\ l 3 . 051 

First-Round Income Effect = • 089 

the disaggregated income effects, or the extent to \~hich llll 

income increases in each sector due to the first- round output 

effects, is given by the individual a .. h., i.e. in this case 
1.J ] 

$0.007 in Sector 1, $0.031 in Sector 2 and $0.051 in Sector 3. 

(iii) Industrial Support Effects. This term is applied here to 

TABLE 2. 7: 

Sector 

1 
2 
3 

"second an<l subsequent round" effects, as successive waves of 

output increases occur in the economy to provi<lc industrial 

support as a response to the do] lar increase in output p0r 2£. 

The term excludes any increases caused by increased household 

consumption. Output effects are calculated from the open Z 

inverse (Table 2.3), as a measure of industrial response to the 

first-round effects. 11ic industrial support output rcriuirements 

must be calculated as the clements of the colunms of the Z 

inverse, less the initial dol Jar stimulus and the first-round 

effects, as shewn in Table 2. 7. This t;1ble shows that the 

industrial support effects of an increase of one dol la:- in the 

CALCULATION OF INOUSTRTAL SUPPORT OUTPUT AND INCOME EFFECTS, 
SECTOR l , QUEENSLAND, 1973-4 . 

z Initial First- 1111 Industrial surEort f:ffc·c t s 
column Stimulus Round coefffcient. ( ~ ·, ( l) ) 

Effect 
Out~' .1 Income · ' · ----

(1) (2) (3) (4) (5) (6) 

1. 116 1. 000 .071 . Ill~ .045 . (l() :, 

.205 . 133 ·,- . 
. •.. \ I I .072 . ll ! -· 

. 188 . 123 . -1 l'.) .065 • (l~ 7 
---

1.509 1.000 .327 .182 .04 9 

(a) Co l umn ( l ) less co 1 umn s ( :: ) & ( :-; ) 
(b) Column (S) by column (4) 
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sales of Se-::tor 1 to final demand are $C.<MS en S~ctor 1, 

$0.072 on Sectcr 2, $0.065 on Sector 3, or a total of E z .. -1-E a .. 
i lJ lJ 

over all sectors of $0.182. The industrial support income effects 

for each sector will be defined consistently with the output 

effects as column (5) of Table 2.7 multiplied by the HH income 

coefficients i.e. individually in disaggregated income effects a.s 

z .. h. -h. -a .. h., or as total industrial support income effec.ts ~s 
lJ 1 l lJ l 

E z .. h.-h.-a .. h .. 
i lJ 1 1 lJ l 

TI1e first-round and industrial support effects are together 

termed the production-induced effect. 

(iv) ConsUil!Ption-induced Effects. The consumption-induced effect 

is defined in a manner similar to that used in conventional 

input-output multi pliers, namely as that induced by increased 

I-ill income associated with the original dollar stimulus in output. 

The consumption-induced output effects are calcuiated in 

disaggregated fonn as the difference between the corresponding 
.,. 

elements of the open and closed inverse i.e. z .. - z .. , and in 
lJ lJ 

* total as E (z .. - z .. ) . The consumption-induced income effects are 
i lJ lJ 

simply these output effects multiplied by the household coefficients , 

. * ff ( * h . · 1.e. z
1
.J.hl.. - ziJ'hi for each disaggregated e ect and E z ... - ;: . -11 - i 

i lJ 1 1 J .t' 

for the total consumption-induced income effect. 

The four effects are su~marised in Table 2.8. It shouid be noted 

that employment multipliers are calculated by substituting the employment 

coefficient ei for the household coefficient hi in Tab le 2. 8. 



15. 

TABLE 2. 8: OUTPlIT AND INCOME EFFECrs OF AN INCREASE IN SALES TO FINAL DEMAND 

Output Multipliers Income Multiplier3 

General Case Ex&:p£1e General Case 

(i) Initial Effect 1 1 h. 
l 

(ii) First RolDld Effect 2: aij . 327 E a .. h . 
i i lJ l. 

(iii) Industrial Support 
Effect E b .. -1-t a .. .182 r b .. h. -h~ ,Ma •• h. 

i lJ i lJ i lJ l l lJ l 

* * (iv) Induced Effect i b .. -E b .. . 490 E b .. h.-r. b .. h . 
i lJ i lJ i lJ l lJ l 

* 1r 
Total E b .. 1.999 r b .. h. 

i 1J i lJ 1 

output multipliers for the Queenslaad example are shown in Tables 2.9 

and 2.10, and revised income multipliers of consistent definition in 

EA am£ 1 ~ 

.105 

.089 

,049 

.155 

• 398 

Tables 2.11 and 2.12. These multipliers indicate for example that a dollar 

increase in sales of sector 1 to final demand results in: 

(i) an initial income increase to the workers/staff/owners in 

Sector 1 of $0.105. 

(ii) a first-round output effect on all sectors of $0.327 ($0.071 

in Sector 1, $0.133 in Sector 2, and $0.123 in Sector 3), 

accompanied by a first-round income increase of $0.089, being 

$0.007, $0.031, and $0.051 in each sector. 

(iii) industrial SU£l?Ort output effects of $0.182 (being $0.045, 

$0.072 and $0.065 in the three sectors), which in turn are 

accompanied by income increases of $0.049, being $0.005, 

$0.017 and $0.027 respectively. 

(iv) consumption-induced output effects of $0.490 ($0.049, $0.173 and 

$0.268 respectively in the sectors) and accompa.nylng consumption

induced income increases of $0. 156, being in each sector· 

$0.005, $0.040, and $0.110 respectively. 
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TABLE 2.9: SECTOR OUTPITT MULTIPLIERS BY FOUR CATEGORIES OF EFFECT ~ 
guEENSLAND, 1973-4 

Sector Initial First Round (a)_ (b' Industrial J Inducelc) 
~_?EOTt 

l 1. 000 .327 .182 .490 
2 1. 000 .492 .280 .853 
3 1.000 .227 .119 1.049 

(a) from Table 2.2 
(b) from Table 2.2 & 2.3, using formula (iii) of Table 2.8. 
(c) from formula (iv) of Table 2.8. 
(d) from Table 2.5. 

Total (d) 

1.999 
2.625 
2.395 

TABLE 2.10: DISAGGREGATED OUTPUT ~RJLTIPLIERS, BY FOUR CATEGORIES OF 
EFFECT, SECTOR 1, QUEENSLAND, 1973-4 

Sector 

1 
2 
3 

Initial 

1.000 

1.000 

·First Round(a) 

.071 

.133 

.123 

.327 

(a) from Table 2.2. 
(b) from Table 2.7. 
(c) from section (iv) of text. 
(d) from Table 2.5. 

Industrial (b) Inducecl(c) Total(d) 
. 

§upport 

.045 ,049 1.165 

.072 .173 . 378 

.065 .268 .456 

.182 .490 1.999 ·------

TABLE 2.11: SECTOR INCOME MULTIPLIERS BY FOUR CATEGORIES OF EFFECT, 
QUEENSLAND, 1973-4 

Sector 

1 
2 
3 

Ini.tial(a) First Round(b) Industrial(c) 
§.upport. 

.105 

.234 

.413 

(a) from Table 2.2. 

.089 

.115 

.077 

.049 

.074 

.032 

(b) from Table 2.6 & similar calculations. 
(c) from Table 2.7 & similar calculations. 
(d) from section (iv) of text. 
(e) from Table 2.5. 

Induced(d) 

.156 

.272 

.335 

TABLE 2.12: DISAGGREGATED INCOME MULTIPLIERS BY FOUR CATEGORIES 
OF EFFECT, SECTOR 1, QUEENSLAND, 1973-4 

'Sector Initial(a) First Round(b) Industrial ( c) Induced(d) 
Support 

1 .105 . 007 .005 .005 
2 .031 .017 .040 
3 .051 .027 .110 

.105 .089 .049 .155 

(a) from Table 2. 2. (c) from Table 2.7. 

Total(e) 

, 399 
.695 
.857 

Total 

.122 

.088 

.188 

.398 

(b) from Table 2.6. (cl) from section (iv) of text. 



1 7. 

2. 3. 2 T)'1JC 1 and Type II Multipliers 

The output multipliers are calculated on a 'per unit of initial 

effect' basis - i.e. output responses to a dollar change in output. Income 

multipliers as described above refer to changes in income per dollar initial 

change in output. Income multipliers are conventionally converted to a 

'per Wlit' measurement by the calculation of Type I and II multipliers as: 

Type IA Income Multiplier Initial {- First Round cf fects (IF) 
= Initial effects ·n l . 

Type IB Income Multiplier= Initial + Production-induced effects (JP) 
Initial effects (I) 

Type II Income Multiplier =Initial+ Production-induced+ Consumption
induced effects (IPC) 

Initial effects (I) 

The Type I and II income multi pliers for the Queensland example 

are given in Table 2.13. The Type IA multiplier illustrates, for exa.'llple 

that for each dollar of initial income effect (as a result of increased output) 

in sector 1, associated first-round effects will be $0.85; when industrial 

support effects are included (Type IB), associated income effects will be 

$1. 31, and when consumption-induced effects are included (Type II). 

associated income will be $2.80. 

TABLE 2.13: TYPE I AND II INCOME MULTIPLIERS, QUEENSLAND, 1973-4 

Type IA 

Type IB 

Type II 

IF 
= T 

IP 
= T 

IPC 
= -I-

Sector 

Sector 

Sector 

1 1.85 
2 1.49 
3 1.19 

1 2.31 
2 1.81 
3 1.26 

1 3.80 
2 2.97 
3 2.07 
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CHAPTER 3 

THE NOR111ERN TERRITORY AND ITS REGIONS 

3.1 Considerations in the Definition of Region 

Consideration of what constitutes a region and of how the nPtion/ 

state may be subdivided into a system of regions is a prerequisite for any 

economic analysis at the regional level. The choice and definition of a 

region is constrained by the number of regions to be considered, and this 

number depends on the form and nature of the analysis. The approximate 

number of.regions to be considered has to be predetermined before regional 

delimitation can be attempted. 

One approach to the definition of a region is based on the notion 

that ·separate spatial units which exhibit particular common characteristics 

may be linked together to form an homogeneous region. Such characteristics 

might include similar production structures or consumption patterns, the 

prevalence of a dominant natural resource or even non-economic variables 

such as similar typography or climate. However, some areas which can be 

linked on the basis of some particular characteristics will at the same time 

exhibit other characteristics which enable them to be linked to a different 

(or neighbouring) region. This makes the task of deciding appropriate 

boundaries more difficult. 

Differences in economic phenomena will generally be evident in 

any one region. For example, most regions will contain both urban and 

rural areas. Moreover, large areas are likely to exhibit an uneven 

distribution of population with greater numbers clustered in urban centres 

and fewer people scattered over rural parts. The economic significance 

of such features is that it becomes difficult to consider such regions as 

uniformly homogeneous since "large urban centres always introduce heterogeneit yH. 1 

1. E. Ullman p. 16 quoted in Gajda, R. T. (1964) "Methods of Economic Rational •· 
ization", Geographica Polonica 4 (185), reproduced in Richardson, H.W., 
Regional Economics (1972), Weidenfeld and Nicolson. 
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There is a functional interdependence between the internal 

components of a region, and also between the region itself and i ts 

neighbouring regions. Internally, functional linkages, may be derived 

from servi~e connections within the region, while externally, 

transportation networks, trade links, production links, communication 

networks, migration flows, and flows of raw materials and manufactured goods 

etc. link a particular region with a wider spatial framework . Thus, 

emphasis on one type of region rather than another may depend on the 

structure of the regional system considered as a whole. 

If there are a number of areas with clearly defined economic 

structures, then the division of the national/state economy into a 

number of regions is made easier. However, where clearly marked geographic 

areas of economic specialization are not evident the choice of regional 

boundaries becomes more difficult and arbitrary. Therefore the choice 

of an ideal region is constrained by the purpose for which delimitation of 

a set of regions is _required and by the overall structure and degree o/ 

integration of the system as a whole. 

3.2 The Regional Boundaries 

Since many input-output studies are commissioned by regional or 

national government agencies, existing administrative units often form the 

basis of regional boundaries. However, ideally the "regions" of an input

output analysis should exhibit reasonably stable interregional trade 

coefficients and conform to a production or supply area which preserves 

intact local economic structures. 

The Northern Territory has a smaller range of regions in terms 

of economic complexity than do the other states of Australia. The more 

isolated regions of Katherine and Barkly exhibit a simple economic 

structure with one or two primary industries providing the export base, 
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very restricted local manufacturing (e.g. bakeries, light engineering) 

and the importation of most consumer goods. However, the more heavily 

popuiated Darwin Region exhibits many of the complexities of a modem 

city region. 

In order to encompass the di ffe-reat levels of cor.1plcxity of 

the individual regions, the study team, tot4ether with representatives of 

the various government departments decided to separate the metropolitan 

region from the other types of regions. The administt·n.tive unit which 

formed the basis for delineation of the regional boundaries was the 

Statistical Division. 1 

The Darwin region represented the only metropolitan regfon in 

the Territory and was considered to exhibit a sufficiently diverse economy 

to warrant attention in its own right. The administrative unit which 

fonned the Darwin Region was Vernon Statistical Division. 2 

A number of regions were defined under the general heading 

of provincial regio~s. These generally contained a significant urban 

area with some manufacturing activity but where primary activities were 

relatively diverse. 

These provincial regions included the following. 3 

(i) Top End Region 

(ii) Katherine-Barkly Region 

(iii) Alice Springs Region 

The Top End Region comprises the Statistical Divisions of Daly, Vernon, 

Alligator and East Arnhem. The Katherine-Barkly Region comprises 

Victorian River, Elsey, Gulf Tableland and Tennant Creek Statistical 

Divisions. The Alice Springs Region comprises the Statistical Divisions 

of Tanami, Sandover and Petermann. 

1. Statistical Division as defined by the Australian Bureau of Statistics. 

2. See Map 1. 

3. See Map 1. 
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Finally, a region encompassing the State as a whole facilitated 

the preservation of statistical consister~y as well as allowing interstate 

compa:~sons to be made. 

Summarising the above, the Regional Boundarh~s for the 

Northern Territory are shown below. 

11-IE NORTHERN. TERRITORY 

Metropolitan Region 

1 
Darwin Region 
(comprising Vernon 
Statistical Division) 

Provincial Regions 

1 
(i) Top End Region 

(Daly, Vernon, Al 11.gator and 
East Arnhem Statistical 
Divisions) 

(ii) Katherine-Barkly Region 
(Victoria River, Elsey, Gulf 
Tableland, and Tennant Creek 
Statistical Divisions) 

(iii) Alice Springs Region 
(Tanami, Sandover and 
Petermann Statistical Divisions) 



~gions-~~Gf-the Northern Territory_ 
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CHAPTER 4 

THE GRIT SYSTEM 

4.1 Introduction 

This chapter provides a summary of the original GRIT procedure 

(Jensen, Mandeville and Karunaratne (1979}). The objective of this study 

was the development of techniques to provide an empirical base for regional 

economic planning, and to apply these techniques to the state of Queensland. 

It was intended to devise a system which facilitated the exrunination both of 

the economic structure of individual regions in reasonable detail, and of 

the regional structure of the state economy. It was considered that such a 

requirement could be met only by the development of a series of input-output 

tables relating to the state and its constituent regions. It was further 

recognised that the development of such a system of input-output tables 

would be feasible only i.f suitable techniques could be developed, or 

existing techniques modified, to derive the series of regional tables 

largely from national input-output tables. 

Input-output analysis is potentially an excellent descriptive 

device and a powerful analytical technique. In practice, the time and 

expense req_uired to complete survey-based tables has restricted the 

application of the technique to 'research' rather than operational 

applications. Certainly input-output techniques appear to have played 

no significant part in most regional planning decisions made by 

governments, due at least partly to the inability of analysts to produce 

input-output tables by conventional means within the time span in which 

most decisions must be made. 

Recent input-output literature describes attempts to produce 

input-output tables by non-survey, or largely mechanical means. These 

methods have the advantage of relative speed and low cost, but have 

attracted criticism for an apparently lower degree of rcliabili ty. The 
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current 'state-of-the-art' appeared to offer a choice between the more 

expensive and professionally-respected survey-based tables and the 

chea;er less-respected non-survey tables. The only further alternative 

was the so-called 'hybrid' table, which supplements mechanically produced 

elements of the table with insertions of survey-based data to improve 

the acceptability of the resulting table. 

This study was the result of efforts by the authors to move 

input-output analysis from the category of a 'research' technique to one 

of operational application for regional planning and analysis. A system 

was developed, temed the Generation of Regional Input-Output Tables 

(or GRIT) system which produced variable-interference non-survey based 

tables, essentially hybrid in nature. GRIT relied on a series of 

mechanical steps to produce regional coefficients, but provided the 

opportunity at three stages for the insertion of 'superior data' . 1 

The system is 'variable-interference' to the extent that the 

analyst is able to determine the extent to which he interferes with the 

mechanically-produced tables by ins.~rtion of this superior data at 

various stages in the development of the tables. In this way, the 

judgement of the analyst is incorporated into the tables. It is argued 

that such a system incorporates .the advantages of both survey-based and 

non-survey tables, and avoids the cost extravagances of the former. 'l1\e 

GRIT system allows the calculation of tables to the degree of accuracy 

which we would simply claim as 'free from significant error', rather than 

accuracy in detail, The implication here is one of a concept ~f holistic 

accuracy, that the table as a whole is substantially representative of 

·the regional economy in question. It is argued also that since the 

smaller coefficients in an input-output table have an insignifi.c.rnt effect 

1. The term •superior data' refers specifically to data considered by 
the analyst to be •more reliable' than that produced by the mechanical 
process. Such data could originate from surveys, primary or secondary 
data sources, or si1nply from ''well-informed sources11

• 



on the analytical uses of the tables, the method of calculation of t hese 

coefficients is operationally irrelevant. The more si gnifi can t 

coefficients in the tables warrant more attent ion, and may be corrected 

by the insertion of superior data. It is, therefore, pr obabl e that the 

analytical reliabilit.y of GRIT tables would be similar to that of survey

based tables. 

The crucial question becomes th.en the extent of i nterference 

in the mechanical process or t he extent to which superior data is sought 

for insertion into the mechanically-produced table . It is tempting to 

conclude that this interference should be maximised subj ect to the 

resources available for the study and this would be an appropriate 

conclusion. An alternative approach, and one adopted in this study was 

to ensure that the characteristics of major or dominant industri es were 

faith fully represented, and to search the prototype tables for any 

anomalies apparent to those familiar with the economic structure of the 

individual regions. 

The GRIT system was designed to incorporate the following 

features: 

(a) that input-output tables and their attendant multipliers 

could be calculated for any region for which certain 

minimum levels of data are available, from local government 

areas, . to 'planning' regions, to any ad hoc region devised 

for a specific purpose .. 

(b) that the regional tables be consistent with the table 

developed for the economy as a whole. 

(c) that, although the basic GRIT methodology for producing both 

state and regional tables is a combination of procedures 

for converting national tables to regional tables, sufficient 

flexibility exists to allow the insertion of other data at 

the discretion of the analyst. 
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(d) that the system be capable of updating with minimum effort. 

as new data sources become available . 

(e) that the input-•output tabl.es and multipliers derived for 

the state an·d for each region be directly comparable, both 

conceptually and by sector definition, and internally 

consistent within the system. 

(f) that the application of the system in an empirical context 

involve a minimum of expense and time. consistent with a 

reason11ble degree of accuracy. 

(g) that the application of the system be suffici.ently 

uncomplicated to encourage adoption by analysts without a 

high level of expertise in 'conventional' approaches in 

the preparation of input-output tables. 

(h) that the system be designed as a series of modular components, 

each of which might be modified by the analyst. 

The GRIT Methodological Sequence 

The GRIT methodological system is basically a combination and 

adaptation of non-surve)' methods in the 1i terature, reinforced by new 

approaches formulated by the authors into an overall fraioowork for 

application to individual regions. For each sector in the tables the 

objective was to convert the national input structure (cost coefficients) 

into the regional input structure. The national sector wil 1 differ from 

the regional one by three main factors: (a) imports (the main.difference 

arising from the greater "openness" of regional economies); (b) industrial 

· mix, and (c) production fmctions. The GRIT methodology accounts for 

these differences and has been expressed in a sequence of fifteen steps 

which are arranged in five phases; a brief description of the sequence 

follows. 
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4 . 2.1 Phase J Adiustments to the National Table 

Phase I provided fo r selection of an appropr.i at ti versi on of 

the !".atlonal table which pz·ovided the basic input into GRIT, and for 

necessary adjustments to this table to develop the mos t app-ropl'iate form 

for the subsequent calculation of regional tables. ~.!~ identified 

the chosen version of the national tables; this wa.s the 1968- 69 

109-sector table in basic values with direct allocat i on of all imports. 

_Step 2, provided for adjustment for price levels and updat i ng, was inse rted 

as an optional step . Procedures fo r these adjus tments are available, a.nd 

could be incorporated at the discretion of the analyst; i n this application 

to develop regional tables for the state of Queensland, Step 2 was omitted. 

This decision was taken in the knowledge that updated tab l es could be 

substituted for the 1968-69 tables if they became available . The 

implementation of updating and price adjustment procedures at the 109-secto r 

level were, in any case, beyond the resources avail.able for the study. 

The extent to which a nation and any of its constituent regions 

trade with the 'rest of the world' differs significantly, both in terms 

of the relative importance of trade, and the trading pattern of the various 

sectors. Thus Step S provided for adjustments to the national table for 

international trade, to produce a table representing a n~tional closed 

economy, i.e. that the imports originally shown in the national tables 

were assumed to be domestically produced. This was achieved by allocating 

imports over the intermediate entries in the colunms of the national table. 

Examination of the national tables indicated that the bulk of 

imports were of inputs to, or of finished products of, sectmdary 

•industries. This invited the suggestion that accuracy would be served 

100re by restricting the reallocation of the import coefficient. in ea.ch 

column to those coefficients representing purchases from secondary 

industries within that column. This was adopted as a standard 
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reallocati~n procedure. However, it was recognised that this procedure 

could produce serious distortions in some sectors where i t was kno\'m that 

na.ti ,:nal imports to the sector were not primarily of secondary commodi. ties . .. 
A procedure was therefore implemented to allow interference in the general 

:reallocation procedure to allow the operator to reallocate imports over 

any combination of the three groups i.e. primary, secondr.i-y and 

tertiary sectors. 

4.2.2 Phase II Adiustment for Re_gional Imp?rts 

Phase I provided the refe-rence base for that part of the GRIT 

system which is mechanical in nature, and from which the calculation of 

any number of tables referring to regions within the nation could be 

initiated. Phase II and subsequent phases were required with respect to 

each regional table. Phase 1I attempted the conversion of national trade 

coefficients to the first approximations of regional trade coefficients. 

We begin ·With the 109-sector matrix of national coefficients adjusted 

for international trade, and seek to produce a matrix of regional 

coefficients, by applying two adjustment procedures. 

The conversion of national coefficients to regional coefficients 

is usually. stated simply in terms of decomposing the na.tlonal technical 

coefficient a .. (from the national coefficient A matrix) into a regional lJ 
input coefficient r .. and a regional import coefficient m . . . The process 

. lJ lJ 
of decomposition is usuall)' based_ on the assumption that national and 

regional technical coefficients are identical• and that the decomposition 

will provide estimates of regionai input-output coefficients r:. and imports 
1) 

m •. which are closer to survey-based coefficients than to national 
, lJ 

coefficients. We argued that since national tables are derived, in 

Australia at least, from transactions or flows rather than physical 

quantities, it is inappropriate to suggest that these national coefficients 

are technical coefficients in any real sense. The process of 
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regional isation of national coefficients should -then be seen as adjusting 

national flow or trade coefficients to coefficients which rep1.'i5ent 

regional flows. 

Step i involved the application of a procedure similar to that 

proposed l>y Smith and Morrison (19i4/. Where data from t he Australian 

Bureau of Statistics indicated the absence in the region of either fi.rm·s 

or employment in any nationally defined sector, the a .. :i::.Soc:i a.ted v:ith 
1J 

that classifica.tion from the 'regional' A matrix was enterf.\d a.s a regional 

import. Following this, SteE.?.. provides for downwru·d adjustment of some 

of the remaining coefficients in the national A matrix, to remove to tht'1 

imports row that portion of purchases ascribed to these sectors in the 

national table, but which become imports at the regional level. 

The various methods wh.i.ch have been adopted for this conversion 

in Step S have been discussed at length in the llterature. The selection 

of a technique for decomposing the national coefficient has received mure 

attention in the literature than other aspects of developing n~gi1-,nal 

non-su1·vey tables; in fact, apart from the work of Smith and Morrison 

(1974) 2 and Schaffer (1976) 3 it has been regarded by mcst previous r.;,a tysts 

as the sole method of developing non-survey tables. Certainly the 

selection of a procedure is important to the ultimate accuracy of the 

regional tables. It has been suggested by Smith and Morrison (1974) and 

Czamanski and Malhi a (1969) 4 that the si1tple location quotient (LQ) would 

produce 1·egional tables closer to· survey-~ba.sed taLles than the alternative 

location quotient ~1d commodity balance procedures. These analrsts 

2. Smith, P.S. and Morrison, W.I. (1974), _Si.mulatini_.the Urban Ee-£!!.!?~, 
Pion, London. 

3. Schaffer, W.A. (1976), On the Use_ of Tn1mt-Output_Models f<2,r Reg~~~~}_ 
Plan,!!_ing, Studies in Applied Regi.onal Science, Martinus Nijhoff, Lei.Jen. 

4. Czamanski, S. and Malizia, E. (1969), "Applicahility and Limitations in 
the Use of National Input-Output Tables for Regional Studies", Papers 
and Proceedings of the Regional Science Ass.o~ia.tion~ 23: 65-77. 
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measured the t closeness' of the survey-based and derived nori-survey tribles. 

in terms of the di stance between coefficients of the u10 tables. The 

loca~ion quotient was thus chosen as the appropriate pr:-.,ccdu:re for the 

GRIT system. An important criticism of the location quotient rests on the 

implicit assumption of uni fo:rmi ty in demand and consu..'ilption patterns 

throughout the state. This assumption was inevitable in the absence of 

studies of consumption on a spatial basis. This problem was ovet·come to 

some extent by allowing the analyst the freedom to insert more 

appropriate consumption data for any region, should this be avail ab le, 

The location quotient in the GRIT sequence was applied as 

follows: 

(i) Calculation of location quotients on employment dat:i 

for the 109 sectors of the national tables. 

(ii) Isolation of those sectors where LQ. < l, and the 
1 

application of the location quotient across the rows 

of the appropriate sectors to decompose the national 

trade coefficient into the regional trade coefficient 

and the regional import coefficients, the latter to be 

collected in the import row for each column. 

4.2.3 Phase III Definitlon of Regional Sectors 

Step 6 provided for the insertion of "disaggregated superior 

data0
, i.e. estimates which the analyst considers superior to those 

produced by the mechanical operations of Phases I and II, and which were 

available at the disaggregated level. In Step .l, sectors were aggregated 

.to form smaller tables which were more commensurate with the simpler 

economic structure of the regions. Two sets of regional tables were 

produced, one set at different levels of aggregation to 

accommodate the variety in regional economic complexity, and one set 

at a uniform level of aggregation to allow direct comparisons between 
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regions, and between regions and the state. for a.11 sectors. 

-111e mechanics of sector aggregation :i n St~p_.2. proceed by 

aggrPgation of coefficients weighted by employment data. 
5 Shen (1960) 

produced evidence that some form of. weighting of national coefficients 

by regional data, would be more likely to produce coefficients closer to 

'true' regional coefficients by accounting for region-unique industrial 

m.i.x and production functions. While Shen used ~ne weighting technique 

as a tone-shot' method to produce regional from nat ional tables; GRIT 

uses the weighting technique as a marginal improvement to already 

estimated 'regional' coefficients. It was recognized that other weights, 

in particular value-added or output. would be more acceptable weights to 

incorporate in the aggregation process. Neither value-added nor output 

data were A-vaUable at the 109-sector level for any regions and this 

fact precluded the use of these as weights. 

Step 8 provided an opportunity for the insertion into 

coeffici~nt matrices of superior data which is available cnly in a mo:re 

aggregated form consistent with the sector definitions adopt<~d. Together 

with Step 6, this facility maximised .the potential use of the variow; 

fonns of superior data, some of which were available on a detailed 109-sector 

basis1 and some of which were available at a regional level only with 

respect to combinations of industries. 

4.2.4 Phase IV Derivation of PrototlEe Transactions Tables 

The aim of Phase IV was the conversion of regional coefficient 

tables into prototype transactions tables for each region. These 

. prototype tables were 'next-to-final' regional transactions tables. to 

be subjected to the detailed scrutiny of the analyst. in Phase V of 

S. Shen, T.Y. (1960), "An Input-Output Table with Regional Weights", 
Pape:s and Proceedings of __ the Jegional Science Association, 6 : 113-119 . 
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the GRIT sequence. The development of the prototype tables and their 

multipliers was essent.ially the production of the I interim rcsul ts' c,f 

the ,~~IT system. Two steps were required for expansion of these matrices 

into conventional transactions tables , namely the conversion of the 

coefficients to transactions and the completion of the final demand 

quadrants. Step 9 provide for the former, and Step 10 for the latter. 

Step 9 simply inv1Jlved multi plying the elements of each coltunn 

by estimates of output for each sector to convert the coefficients to 

first estimates of transactions. The tables produced were termed initial 

transactions tables, and as suggested above, :referred to intermediate and 

primary inputs quadrants only. The derivation of output levels for the 

implementation of Step 9 presented some problems. Official statistics 

of output were available for several sectors at the regional level. . For 

those sectors for which these out.put statistics were not available, 

estimates were derived from other input-output studies er by the use of 

indirect methods of calculation. 

Step 10 produced, from the initial transactions tables 

(detailing the intermediate and primary inputs quadrants only), the 

prototype transactions table. detailing the four quadrants of each table, 

by calculation of estimates for the elements of final demand quadrants 

for all regional tables. Conventionally the components of final demand 

in a regional input-output table include household consumption, exports. 

public authority net current expenditure, inventory accumulation and 

capital formation. 111e derivation of estimates, by region of these 

components, was in effect, the estimation of their spatial distribution 

within the state - these are aspects of economic activity in which there 

is almost a complete lack of useful data in Australia. 

Two questions were considered at this stage: (i} the chojce 

of a level of aggregation in final demand sectors which will be consistent 
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with the probable ultimate uses of the regional tables , and 

(ii) the (;hoice of technique for the estimation of the final <lemaJ1. ci 

sectors chosen in (i). 

It is necessary fo·r the ul timat~ production of mul tiplie·rs, 

for the regional tables to contain estimates of household consumption. 

It was considered a necessary and achievable object of the study for 

regional exports to be included in the tables . Beyond these two 

components, no further components of final demand were cons i dered 

individually measurable for individual regions, and these were therefore 

aggregated under the heading 'Other Final Demand'. 

Two approaches to the estimation of final demand in the regional 

tables were considered. First, it was possible to use aggregate final 

demand as a residual item to achieve the necessary row and column 

consistency within each table. Secondly, it was possible to incorporate 

independent estimates of final demand. Such a procedure would almost 

certainly produce inconsistent tables, i.e. column and row totals of 

intermediate sectors which were not equal, and it would be necessary to 

enforce consisten'cy using an appropriate mathematical technique. 

The decision between these two alternatives must depend on 

the availability and reliability of data relating to regional final 

demand. If reliable data relating to final demand was not available for 

each region . as was the case in the GRIT application to the regions of 

Queensland, the use of aggregate final demand as a residual item seems 

the obvious solution; the GRIT tables were derived on this bas~s. 

However, circumstances might exist where analysts are able to 

develop estimates of final demand for regions. and have an equal or higher 

degree of confidence in these estimates, compared to those produced by 

earlier phases in the GRIT sequence. In this case it would be important 

for these estimates to be entered in the regional transactions tables and 
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some operations undertaken to ensure consistency within these tit.bl es, 

These operations might be carried out manually, or by the use of some 

iterative constrained-matrix technique (_such as the RAS) . 

Step 11 provided for further aggregation if uniform table~ 

were required. In this application, the 16-sector prototype tablos of 

the state and the metropolitan region were further aggregated to 11-~ector 

tables. Step 12 simply derived inverses and multipliers for the prototype 

tables using conventional techniques for multiplier calculation. 

4.2.5 Phase V Derivation of Fint{l Transactions Tables 

It is useful to summarise briefly the total effect of 

Steps 1-12 in producing regional input-output tables. The basic component 

of GRIT is a multi-stage mechanical sequence for adjusting the national 

table, calculation of regional imports and weighted aggregation of 

sectors. Important modifications to this mechanical procedure ensured 

that where any data, other than that generated by the mechanical 

processes, was available, this could be incorporated to improve the general 

level of accuracy. The prototype tables represented therefore the 'bestt 

tables which could be produced by the variable-interference mechanical 

processes. Phase V, the final stage in the GRIT sequence shifted the 

responsibility for adjustment from modified mechanical procedures to the 

analyst. At this stage, the analysts were faced with a series of non-uniform 

tables (and probably a uniform series) which must be examined in detail, 

with a view to implementing Step 13, the final superior data insertions 

and other adjustn1ents. 

In most sectors, there could be a reasonable expectation that the 

estimates generated in Phases I-IV were free of substantial error. These 

cases would include sectors which did not diffe1· substantially in structure 

between regions, for example certain categories of manufacturing, servke 
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industries and the like. The identification of such ~.ectors by the analyst 

should be possible as an exercise of his p:rofessional judgement. Howev0r, 

the analyst cannot be absolved of the· responsibility,. either in the use 

of the GRIT system or in the development of any input-01..1tput tabie ~ to 

excrdse his professi.on;.i.l judgement in the detection of inappropriate 

entries ir, the table . Whichever method of ta:bl,e construction is employed, 

the ultimate re:;,po.: : 1.b ility for assessment and final adjustment must be 

accepted by the analyst , and there should be no refuge in m~chanically 

produced figures. To take such :refuge is to abdicate from professional 

responsibility. 

The experience of the GRIT team w ... :, that inspection of the 

final tables showed that few adjustments were requi u.:(\, However, s9me of 

these adjustments w..:re s1gni f1.c a.ht. and the tables would have been 

inadequate representations of t he st; ,•conomies if this examinat ion had 

been avoided . The GRIT team drew on the t?-1.tend vc knowledge of othe-r 

input-output workers. government officers skilled in economic 

interpretation of the various facets. of the regional and $t:1't e ec.C•lomies , 

and other useful sources of opinion. From this consultation emergt:d a 

series of tables which were accepted as conforming with the original 

main criteri on of GRIT, namely as • free of si gui ficant error'. 

The number of 'major ' adjustments to the prototype tables was 

restricted to sectors which showed either unique regional characterist i cs, 

or which had been 'submerged' by dominant national industries outside the 

region through their effect on the naH onal coeffi dents. Most. entries 

in the prototype tables were acceptable and conformed t o expected 

magnitudes. Examination of the multipliers of the prototype tab les. and 

comparison of these multipliers wi.th those from other studies assisted i ?' 

highlighting potential 'problem areas'. 
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_ Step 14 provided for the derivation of the final transact ions 

table, and _St~eE.. 15 for the calculation of iuverses and multipliers for 

each of the regional tables and fo~ the state table. 



CHAPTERS 

GRIT II 

This chapter sets out the major ciifforences between the 

original GRIT system and the GRIT II system used in this study. Three 

major modifications were introduced: (i) the location quotient technique 

used to obtain the basic regional table was modified; (ii) a technique 

to isolate the critical cells of the prototype table to allow a more 

cost-effective approach to table accuracy was incorporated; and (iii) 

changes in the aggregation system were introduced to allow better 

compatability between tables. There were, of course, numerous other minor 

modifications of an operational nature incorporated to make the procedure 

more efficient. For example, the GRIT computer program has been largely 

modified and is now split into two parts. Part A derives the initial 

tra11saction:; tables, and Part Bis a standalone package which allows the 

operator to update, impact, aggregate. RAS, etc. the derived tables. The 

resultant package allows the operator extreme flexibility in the 

manipulation and use of the tables. 

5.1 

The location quotient {LQ) is a measure which compares the 

relative importance of an industry in a region to its relative importance 

in the nation. 

where X represents output or employment and the superscripts r and n denote 

region and nation respectively. The LQ is used to estimate regional 

imports, on the assumption that the regional trade coefficients differ 

from the national technical coefficients only by the magnitude of the 

regional import coefficient. Thus 

a.. = r .. + m .. 
lJ lJ lJ 
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where aij is the national technical coefficient, r j j is the reg i. m:a 1 

trade coefficient, and m .. (0 < m .. ~ a .. ) is a regional import coeffident. 
1J • lJ lJ 

Operationally, the regional coeffici.~nts fo-r row i ar e est i mated by 

multiplying the national coefficient by LQ. and approportioning the 
l 

difference to imports. 

i.e. r . . lJ a .. LQ. 
l.J l 

LQ. < 1 1 ._ 

This means that the region produces less than its share of national 

output in industry i, and imports are therefore requi red. Alternatively, 

if LQi > 1, the region is deemed to produce more than it s fair share of 

output of industry i, and the balance is export ed . 

There are a number of deficiencies in the ~imp le LQ, however . 

They tend to overestimate intraregional interdependence and ignore 

cross-hauling. Also they assume uniformity ln production anJ demand/ 

consulllption patterns throughout the nation. Thus large regional industries 

that conform to the national 'average' would be fairly well represented, but 

the more unique a 1•egional industry is in terms of different production 

function and demand/supply characteristics, the less appropriate i~ the 

simple LQ. Identification of these industries and thP addition of superior 

transactions data into the table is a characteristic of th£• GRIT methodoicgy . 

The system is enhanced. however, if s ome of these abno1-malities can be taken 

account of at the LQ stage of the procedure. 

The simple LQ used in GRIT uses employment data, as this is the 

only reliable data available at the 109 national sector level. Thus 

LQ~ 
1 

The first modification introduced was to adjust the national employment 

figures. If national production levels of industry i include a significant 
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t ,.. th E'n · · ' 1 ~ t · · -expor componen'-. en .. 1s an 1nappropr1ate ~1asc tor es 1nwt1on ot 
1 

th LQ f . l ~ . . . . E' ri . l . . J t . 1 e or inc us ,.ry 1 1n a reglon, since · i 1.rnp 1c1t y represen s natu:ma 

employment in industry i for domestic consumption. ,.n, 
r:. s were 

1 

adjusted to represent national employment in the production of industry i 

for domestic use. Similar adjustments were carried out for industries 

which comprised substantial import components. 

The sec.ond modification attempts to take account of labour 

productivity differences between corresponding regj ona1 and national 

industries and between the region ::i.nd the nation, where data were available. 

The only measure of productivity which we could hope to obtain fairly 

comprehensive <lata on was labour output :ratios. The productivity ratio 

of the region relative to the nation is thus 

where X refers to output, and the productivHy ratio for tho corresponding 

industries is 

The simple employment LQ was thus modified to become 

' LQ .X 
l 

If labour output ratios were not available for some jndust:des. the LQ 

automatically reverted back to the simple employment LQ. 

Thirdly, in an attempt "to take account of demand and consumption 

pattern differences throughout the nation, estimates of personal consumption 

were derived where possible and consumption ratios were obtained for the 

region relative to the nation and also bet.ween corresponding regional and 

national sectors. Thus 

and c. = 
l 
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where Ci refers to the per capita consumption levels of s1 gnifi cant 

commodities or groups of commodities. Where possibl", p-rlcc differentials 

were taken into account in deriving . Ci. Thr.· modified LQ thus becomes 

LQ.cx 
l 

= 
. .,_ r 

LQ. ·•. -
1 c. 

l 

e C 
i. · c. 

l. l 

Therefore if the local per capita consumption for commodity i is higher 

than the corresponding national per capita consumption, the LQ~ will be 
.L 

lower resulting in relatively higher imports and/or lower exports of 

ex 
commodity i. Again, if the relevant data were not available , LQ 

X E automatically reverted back to LQ or LQ . 

It appears that the above modified LQ gives a more accurate 

measure of regional trade coefficients in regions which are relatively 

more distant from the national 'average'. The greater the difference 

between the region and the nation. the less satisfactory is the simple LQ. 

Empirical · testing of the various LQ' s to the Northern Tet·ri tory regional 

economies showed that the modified LQ above produced more realistic 

coefficients than the other less modified LQ 1 s. 

5.2 l\ Op . . . 1 1.ccuracy t1m1zat1on 

The completion of regional input-output tables within any 

reasonable budget/time constraint makes it vfrtually impossible for close 

scrutiny to be given, and superior data obtained for all the c9efficlents 

in the prototype table. In addition it would be v~ry difficult to justify 

·such a procedure in terms of cost-benefit considerations. Analysts would 

agree that some sections of the table are more 1 critical 1 than others. 

Thus first priority of those limited resources should go to ensu:ring that 

1. This section draws heavily from the priper reproduced in Appendix '.J. 
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the 'critical' areas arc relatively a~:curate; less attention c;an he given 

to the 'non-critical' areas. 

The problem has been deteriqin~ng '.'Jhich cccffici<Jnts are I critical'. 

Up to now there have been only va.gue rules of thumb in this regard, the 

majority of which have been derived from shocking and simulation t~chniques, 

Some of these rules of thumb were implicit in GRIT. but lacked mathem,1tic.al 

backing. Recent developments have shown that there is a simple math~m~tical 

relationship between errors in coefficients and errors in input-output 

multipliers. This relationship is explicitly .included in this study. 

') 

5.2.1 The Concept of Accuracy~ 

Accuracy in input-autput can be bisected into two broad 

categories: 

(i) Accuracy of the transactions table, which refers to the 

exactness with which the input-output table represents the 'true' table 

for the economy. This is the accounting intrepretation of the input-output 

table epitomised by those concerned with the preparation of the national 

tables, where the exercise is seen simply and appropriately as an extension 

of the national accounts. This inte1:prct8.tion requires eel 1-by-cell 

accuracy in the statistical sense, on the assumption that if each cell of 

the table is an accurate record of the 'true' transaction, the table as a 

whole will reflect tht:'J 'true' table with a high d<tgree of accuracy. This 

interpretation can be called partitive acct.n:acy. 

(ii) Model accuracy, which refers to the exactness with which 

the input-output model reflects the realism of the operation of the regional 

economy. This emphasises the 'snapshot' interp1'etation of the economy. 

This interpretation relies, not on accuracy in each cell of the table, but 

2. For a full discussion on the concept of accuracy in regional 
input-output see .Jensen (1979). 
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with the accuracy with which the table repre:3 e11ts the matn features of 

the economy in a descriptive sense and pr eserves the importance of these 

features in an analytical sense. Th i s .i.nterpretat fon of accuracy can 

be cdled holi stic accuracy. While par t i U ve accuracy represents the 

accounting accuracy of the tablet ho l i sti c accuracy represents the 

operational accuracy of the table. 

Once we move from the world of the more reliable 'hi:i.r<l' dat a 

and technical input-output teams at the national l evel to the world of 

inadequate and often unreliable data and limit ed research r esources at 

the regional level, the distinction between these two in t erpretations 

becomes more important. Input-output 1 i t erature casts doubt on our abil Hy 

to achieve partitive accuracy ·\'dth exi st i ng data sources and research 

resources; that although paTtitive accuracy J.s possible in some portions 

of the table, it is not appropriate as a general approach to regional 

input-output tables. 

This therefore means that we require some technique for isolat j ng 

those portions of the table where partitive accuracy can be strived for. 

The following section outlines the proced1re for isolat i ng the relatively 

more important cells of the table, and ranking them i n the order of their 

relative importance. 

5.2.2 Coefficient Erro~nd their Effects on Multipliers 

Suppose we have an initial estimate of an input-output direct 

coefficient matrix. A. It is likely that all. or some, of the. direct 

coefficients. aij• contain errors , <lij' These errors could be expressed 

· either in absolute or proportional terms. If the errors are absoltte 

errors, we in fact have initial estimates of (a .. + d .. ). On the other 
lJ l] 

hand, the errors may be proportional, in which case d .. = a p 
lJ ij ij' 
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This section shows what affects, if any, coefficient errors 

have on the various input~output multlpliers , and then explains ho¥; this 

can be used to maximize the accuracy of the final transactions table in 

the light of limited budget resources. Th0 ana1 y~is t:hat. fol lows is 

based on the assumption that the initial coefficient error is p-roportional, 

but this does net restrict the analysis :in any way. The assumption of 

absolute coefficient t:rrors is more restrictive, and the theory can t::asily 

be converted from one system to the other. In the empirical sense, the:re 

is little to suggest either en·or fonnat is more likely to occur, and one 

can find arguments j n favour of both propositions. Given that a decision 

had to be made, however, the research team were inclined towards the 

proportional error theory, primarily on the basis that one would expect, 

ceteris paribus, larger coefficients to contain l.:1rger errors. 

All the input-output multipliers are calculated from the Leontief 
1 

inverse B = (I-A) - J.. Therefore we need to know how the error matrix 

D = [dij] = [aijPij J affects B. If we apply the usual theory to the 

-1 initial matrix A we obtain B -1- (I-A-D) . Therefore we need to know how 

(I-A-D)-l is related to B. 

It can be shown that 

= + •••• 

= B +El+ E2 + E3 + -~ ~-

where E =El+ E2 + E3 + ••• is the error induced into Bin response to an 

initial error D introduced into A, 

Consider the error component El first. The (i,j) th element 

of El is Er b.k ak 9, Pkt bQ,J., and thus the error in the jth output 
9, k 1 

mul ti:plier is 

t1 (om.) 
J 

where omk deno'tes the kth output multiplier. 
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We now have to make an adilitional decision; what criteria do 

we want to use to measure the effects of the initiai cocff.lcicnt errors D? 

The answer to this lies in the primary u~e ti) i>1lrich the tables arc intended 

to be put. The majority of current input-output impacts concentrate on 

multiplier analysis, and therefore the primary aim should be to minimize 

the error in the multipliers. Which multipliers? 'ihjs is not a ~imple 

answer and will again depend on the intended impact projects; obviously 

income and employment multipliers are more important than (>Utput 

multipliers, and in this study the final decision was left to the Northern 

Territory Government. The following discussion, for the sake of simplicity, 

will be in terms of the output multiplier; the analysis, however, is 

equally applicable to income or employment multipliers. The final question 

to be answered is how should the error in the output multipliers be measured? 

Again there are several alternatives such as total absolute multiplier 

error or average proportional multiplier error. Absolute multiplier error 

does not take into account the magnitude of the multipliers, and it was 

decided that average proportional multiplier error was the more appropriate 

measure, bearing in mind the model can be used with various other criteria. 

The average proportional output multiplier error is: 

d (omJ.) 
l r. c----) = n • om. 

J J 

where bij is the proportion of t·he column total which lies in cell (l,j) 
om. 

J 

of B, and n is the number of intermediate sectors. 

The average proportional multiplier error can thus be expressed 

as a summation of terms, and can be rewritten a.s: 
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cl(om.) 
.!.~( J)= 
n om. 

j J 

,. 

+ ••• ] 

where the terms in the series { J can be rewritten in sequential order 

from high to low. We then have a sequential list of cells wh.ich contribute, 

in order of importance, to the average proportional multiplier error. In 

terms of relative efficiency, ther-0forei we should concentrate firstly Qn 

reducing the error in the coefficient akl. ,U, secondly in the coefficient 

a. and so on. r.2.t2' 

In the operational sense, we need to make the broad assumption 

that the proportional error in each coefficient is roughly of the same 

magnitude. We need not specify a particular value. In situations where 

more detailed knowledge of the local economy is available; one may be able 

to obtain rough ratios of these errors e.g . one may be led to believe 

t:hat the error in one particular coefficient is approximately twice as 

large as in other coefficients, Remt,'fi1ber the procedure does not aim to 

tell us what the errors are (although in some circumstances it can provide 

a rough estimate). It only gives us a pointer which indicates which cells 

we should be concentrating on, in the light of all the prior available 

information. 

The above analysis can be extended to include the error components 

E2, E3, etc., and; in general, we find the (j)th term in the series is 

(under the asstm1ption p ,,, 1): 

1 ~(om.) 
-- E ( J.) = n 

3
• om. 

J 

1 
[ • • • • + ( om . + ;:: E om a b . + r. >.: E t 

n J m q q qm mJ r s m q 
b a b . 

sm mq qJ 
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In empirical tests it was found that the ranking of the 

coefficients did not alter past the error components E 1 ~. E2, al though 

all rankings in this study were tf\ken to El + E2 ... E3. If we are 

interested primarily. in the rankings, El + E2 appears to be sufficient. 

An example of the ranking of the first 25 coefficients for the proto ·· 

type Northern Territorytable, using three criteria, output multipliers, 

income multipliers and employment multipliers, is given in Table 5.1. 

The above analysis can be extended into a cost optimizati'on 

model by deriving an error function which relates the average proportional 

multiplier error remaining after say X cells have been re-estimated. By 

assigning a cost, implicit or otherwise, to the pos5ibil:i.ty of a 100~., 

proportional multiplier error occuring, the tota.l cost function of 

re-estimation and remaining multiplier error can be minimized to find the 

optimal value of X. Howeve:r this extension of the model was not explicitly 

included in this study. A full explanation of the procedures, with an 

example, is given in Appendix V. 
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5.3 Modifications to the Aggregation Scheme 

The original GRIT system employed a two-tie:r weighting aggregation 

scheme to obtain the non-uniform and uniform transactions tables. The 

non-uniform tables are derived using an employ,nent weighted aggregation 

scheme, by necessity, as reliable output data a-re not ava.Hable at the 

109 sector regional level. The uniform tables were then derived from the 

non-uniform tables by an output weighted aggregat ion scheme. 

This two-tier system thus creates problems. If the non-uniform 

tables are not of the same dimm1sion, ther: the tables are not directly 

comparable, as weights have been appiied to different nwnbers of sectors. 

This is particularly true at the uniform table level, as different 

weighting systems have been applied over different sectors. Thus. even 

though all the unifo1,n tables ate of the same dimension nnd contain the 

same sectors, an individual transaction in one table cannot be compared 

with the corresponding transaction in another table. Although each 

individual table is representative of that region , comparisons across 

reginns, or with the :$tate. !lre not possible, and this is furth er c:;w.;-1l(.;8~>'ct 

by regional imports and exports. 

To overcome the aggregation problem, s Bveral a lternative schemes 

were hypothesised and empirically tested. The problem aris es that there is 

no simple benchmark for comparison between differently derived tables for 

a given region . It was finally decided, in the i nterest s of consistency 

and ease of manipulation, to continue the aggregation from the non-uniform 

stage to the uniform tables using emrloyment weights. The study team felt 

that the output weighting system is marginally superior, but were concerned 

with the possibility that users of the tables could become di3conserted by 

the inevitable across table inconsistencies, despite th~ f act that across 

table comparisons of any input-output tables requires extreme caution. 
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The present GRIT II system may still produce some minor 

inconsistencies, but to a lesser extent. Whc!lly mcclw.nL::ally prorfaccd 

tables should not be inconsistent, but the GRIT system depends on op€l.'a.tor. 

manipulation at Vclrious :-.c.ages of the p.ro<·uc!u:r·t>, whh th~ jr~serti1.m of 

superior data, etc. Very oft.en superior estimates are available- for a 

particular industry at a regional level hut n,)t at the state level, or 

vice versa, or the two estima:rns are inconsistent but 1.:annot be verified. 

It is virtually impossible to verify transactions across tables in any case, 

as each regional transaction bet.ween industries contains an element of 

imports and/01· exports. It is maintained, however. that every effort 

is taken to ensure obvious inconsistencies are minimized . 
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CHAPTER 6 

EMPIRICAL APPLICATION OF THE GRIT SYSTEM 

Previous chapters have outlined relevant regional input-output 

economics, the objectives of the GRIT II system, and have described in 

detail the GRIT II methodology. This chapter provides some of the 

empricial results of the application of the GRIT II system to the 

regions of the Northern Territory. 

With the metropolitan and rural regions categorized as in 

Chapter 3, the aggregation system as shown in Appendix II ccmbines the 

national sectors listed in the right hand column to sectors defined 

for the metropolitan region. The aggregation procedure for the 

metropolitan region ceases at this stage, defining 16 sectors for the 

DaTWin region table. For the non-metropolitan regions the aggregation 

continues until 11 sectors have been formed for the rural regions. This 

method was de~igned to cater for the detail required for the different 

economy types and also to produce comparability of definition of the sectors 

between regions of different types. The latter is achieved by the fact 

that sectors in the smaller tables are aggregates of identifiable 

sectors in the larger tables, as indicated by the alpha-numeric sector 

identification system in Appendjx II. 

The GRIT II computer program allows for the aggregation procedure 

to be continued to produce unifonn tables as required by the analyst. The 

unifonn tables are aggregations of adjusted tables. 

The aggregation system described above produced the following 

variety of tables. 
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TABLE 6.1 SUMMARY OF TYPES OF GRIT II TABLES IN nus REPORT "----------

Input-Output 
Tables of: 

Northern Territory 

Darwin region 

Top End region 

Katherine-Darkly region 

Alice Springs region 

Non-unifonr. 
Tables 

16-sector 

16~sector 

16-sector 

Uniform 
Tables 

11-sector 

11-sector 

11-sector 

11-sector 

11-sector 

Two sets of transactions tables with accompanying tables of 

coefficients and multipliers were produced. A series of 11-sector tables, 

termed uniform tables, was produced for the region economies . Secondly, 

a series of non-uniform tables was produced, namely 16-sector tables 

for the Darwin and Top End regions and the Northern 'Territory. The 

presentation of the tables of transactions, coefficients and multipliers 

required the preparation of approximately sixty tables. The disposition 

of these tables throughout this report is itemised in Table 6.2 to assist 

the reader with ready reference to the results of the study. 

These tables contain an enormous amount of information relating 

to the economic structure of the regions of the Northern Tel'ritory. The 

sheer volume of the information prevents comment in detail on each table. 

This chapter therefore is restricted to general comment on the 11-sector 

uniform transactions tables and as~ociated nrultipliers. Non-uniform 

transactions tables and multi pliers, and all coefficient tables hav1::1 

been presented in appendices. However, the general comment on the 

uniform tables in this chapter is relevant also to the non-uniform tables 

which should, of course, be considered simply as providing more detail 

relating to those sectors which are shown in a more disaggregate-cl form. 
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TABLE 6.2 LIST AND LOCATION OF GRIT II INPUT-OUTPUT RESULTS FOR THE 
REGIONS OF '1HD NORTHERN TERRITORY 

! 
Form of Results 

Unifonn Table:-T,fon-Unifonn Tables 
(11-Sector Tables) 1 (16-Sector Tables for 

the Northern Territory 
and Metropolitan 

----··------------- Regions) _..;_---~·----

Transactions Tables 

Direct Coefficients 

Direct and Indirect 
Coefficients 
(Inverse of Open Model) 

Direct, Indirect and 
Induced Coefficients 
(Inverse of Closed Model) 

Output Multipliers 

Income Multiplic1·s 

Employment Multipliers 

Chapter 6 

(Tables 6.3 to 6.7) 

Appendix VI 1I 

(Tables VIII-1 to 
VIII-5) 

Appendix X 

(Tables X-1 to X-5) 

Appendix VI 

(Tables VI-1 to VI-3) 

Appendix IX 

(Tables IX-l to IX-3) 

Append i:x XII 

(Tables XII-1 to 
XIt-3) 

Appendix XI Appendix XIII 

(Tables XI-1 to XI-s: (Tables XIII - 1 to 
XIII-S) 

Chapter 6 

(Tables 6,8; 6.11; 
6.14; 6.17; 6.20) 

Chapter 6 

(Tables 6.9; 6.12; I 
6.15; 6.18; 6.21) 

Chapter 6 

(Tables 6.10; 6.13; 
6.16; 6.19; 6.22) 

Appendix VII 

(Tables VII-1 to 
VII-3) 

Appendix VII 

(Tables VII-4 to 
VII-6) 

Appendix VI! 

(Tables VII-7 to 
VII-9) 
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In both the uniform and non-unifo:tm transactions and 

coefficient tables, sectors aTC represented by numbers in the interests 

of space. These numbers represent sectors as defined in Appendix II. 

It will be noted that the same sector m.uober is retained throughout 

uniform and non-unifOrJD tables, the numbering is modified to denote 

disaggngation foT non-uniform tables. Por example Sector 4 in the 

uniform tables refers to the Manufacturing sector; in the 16-sector tables, 

Sector Sis disaggregated to Sectors 4A-4P. 

Por convenience in the reading of this chapter the sector 

title~ far the eleven-sector tables a~e provided below: 

6.1 

Sector No; 

1 

2 

3 

4 

s 
6 

1 

8 

9 

10 

11 

Title 

Animal Indu~tries 
Other primary industries 
Miniag 
Manufacturing 
Electricity, gas end water 
Building and construction 
Trade 

Transport and coaD11nication 
Finance 
Public Administration and defence 
Community services and cntertaitm1ent, 

recreation 

El~en-sector Tables for the R.&g;ons of the Ncrthcrn ·territory 

"n\e discussion is now focussed on the uniform transactions 

tables for the regions of the Northem Territory. These are presented 

u tables 6.3 to 6,7 for the five regions of the territory. 



TAIL£ 6.3 11-SECTIR TIAfflCTIOHS TAIi.Er MRUII R£8IOI, 1976-77 (t~tlt> 

------~--~-------·----------------~-----------~-------~---~-----~--------.... ·------------..... ---~---------------------------·--------I 8£CTOI I 2 3 .. 5 6 1 8 9 It 11 I H-H O.F.D. £XPORTSI TOTAL: 
-~-~------~--------... ------~-----------~---------~------------------------------------------------------~---------~---~----------1 I ' • • 181 • • • • • 184 It • I 2411 ,,,: 

2 r 11 2 I 126 • • • 1 • 97 61 186 • 83161 a,34: 
3 I • I 312 1119 • 185 2 4 • • a: • • 28931 4413: 
4 I 3 1781 695 6813 57 26297 655 623 26 581 5591 1133 13179 41141 ~6414: 
5 I 5 · 41 21 "' 119 257 615 177 534 7917 · 14321 1193 3519 II 165171 
6 ' 11 2 • 538 461 • 1776 1476 691 ·36188 19661 1743 125741 7l 171586J 
7 ' 22 494 35 7t4 57 2999 8455 1336 1192 4143 11311 19578 95f75 If 135229: 
8 I .. 44 183 12H 86 1582 1186 1399 315 3131 1821 tt25 35854 92191 54659: 

' f I 341 u 2tt 6 857 4375 U3 931 6261 3221 6424 15467 26:58: 381151 
1f I • 42 • • • • • • 4 21254 II '62 111437 432121 165691 l 

V, 

t1 I ' 9 7 • II ,, 317 314 369 3682 3831 5976 53114 133391 775321 ~ . 
---------~---------------------------------------------------------------~----------------~---------------------------~---------~-I H-H I 6' 2998 1131 15716 4492 54551 19392 23191 14862 67196 44127: t • 11 2476111 
1 o.v.a.r 286 1712 835 5932 9568 22772 45563 9112 13831 3tt2 112811 • " •= 1237731 
UNPORTSI 193 1279 1217 23345 1651 61991 52913 16873 5253 13168 16137: 55313 ' ,: 2-482831 

--------~---------------------------------------------------------------------~------------------------------------~------------· I TOTAL I '" 8734 4413 SHH 16517 171516 135229 54659 38115 165611 77532: '3233 442575 838581 ,: 

---------------------~--------~----------------~----------------------~----------------------------------------------~------------



TABLE 6.4 11-SECTOR TRANSACTIONS TAILE1 TOP END REGION, 1916-71 Ct'ltf> 

-••••-------~-•-•••a••~--•••--•--••••-•••-•-••---•--•----~-~---~-~---•-----•-•-•--••---••••~•----•-------•---•-------•-•-•-----
I SECTOR 1 2 3 .. 5 ' '1 8 ' 11 11 ' H-H O.F.~. EXPORTS: TOTAL: I 

--------------~----------------------------------------------------------------------------------------------------------------~--
I 1 I • • ' 517 f • • • • 917 ,: • e 283t 1&37: 
I 2 I 25 2 I 144 • • I 1 • 131 u: 219 • 94681 9990: 
I 3 I • • 17331 11935 • 657 2 5 • • . Ul I ' 113527: 143466: 
I 4 I 8 2578 1269 17323 63 29129 813 .,2, 34 637 694l 1363 51118 75621 113312: 
: 5 ' 6 46 29 1318 131 298 631 181 592 11&57 1482: 1318 2976 e: 19644: 
: ' I 32 3 5667 892 527 ' 1782 1618 751 48577 21821 1989 126361 74: 19f354: 
r ' I H2 575 172 3991 147 11771 13818 2479 1757 5576 27541 21983 63448 7019: 13,5731 

' 8 ' " 51 459 1985 88 1'45 1'91 1461 317 4213 183: 219' 38567 61""1 583611 

' ' : 1 388 14 222 5 872 4388 169 942 8427 3361 12562 12199 581: 48996: ~ 

' 11 f • 48 I • • • • • 4 27263 ,: 733 135824 619651 224837: • 
: 11 ' 18 n 316 1 ' 18 319 346 376 4957 4311 6595 21211 461581 79769: 

--~--------------------------------~---------------------------------------------------------------------------------~------------H .. H I 186 3481 2782 25984 5153 61176 19454 24886 15981 91266 48175: • " e: 296923: 
: o.v.A.1 758 1947 875 13611 11798 25<145 45679 9517 14924 3878 113141 • • ,: 139796: 
IINPORTSI 491 162 114552 35333 1823 59743 47497 .,,,, 5321 19337 12419: 55851 e Sl 3711861 

-------------------~----------------------------------~----------·---------------------------------------------------------~------
I TOTAL I 1637 "" 1-13466 113312 19644 1HJ54 135573 58361 4199' 224831 1'1771: 114682 451:586 251637r ,: 

--------~--------~---------------------------------------------------------------------------------------------~-----~-----~--~---
- -- --·- - -

,.) 
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TABLE ,.5 11-SECTOR TRANSACTIONS T~BLE1 KATHERINE-BARKLY REGION, 1976-77 cs~10e> 

----------------------------------------------------------------------------------------------------------------------------------
f SECTOR 1 2 3 4 5 6 7 B 9 u it I H-H O.F.D. EXPORTS: TOTAL t I 

----------------------------------------------------------------------------------------------------------------------------------
1 • I I • 2t3 I • ' ' ' 73 11 I " 142411 14527: 

I 2 84 1 I 4 ' I ' t ' ' 1: 28 " 16761 1810 
: 3 ' • 4729 H • 46 t ' I t t: ' • 672191 72084 
I 4 63 131 515 112 I 961 38 21 • 19 691 366 1752 8:581 4953 

' 5 93 5 • 5• 6 61 141 27 95 844 5311 186 2671 rn: 4723 I 

I 6 297 1 I 46 54 a 229 227 :S2 3848 4811 93 16796 181 221 ◄2 I 

7 526 65 ' 97 15 574 1974 184 116 4.t2 385: 1367 155.i 691 21373 
8 87 7 • 76 27 176 96 68 26 334 41: 862 4568 121: 6487 

' 1 l • ' 2 1 48 Ut 2 27 668 21: 876 1956 9: 3771 
1f I I ' 35 ' • ' • f • 2161 fl ltS 15567 461 17913. I 

11 I 159 2 ' f 2 2 45 24 25 393 56: 969 19154 48641 16694: 

-----------------------------------------------··--------------------------------------------------------------------------------~- ~ H-H I 1671 554 4161 1262 1173 7281 2933 2851 1519 7162 tH26l ' I e: 40591 l • 
I O.V.A.I 6734 369 7 477 3H6 2931 6745 1215 1356 313 2389: • e 1: 255311 
l1"PORTS: 4811 664 62579 2531 439 1H65 8912 1879 557 1652 2776: 8417 e 01 105281: . 
---------------------·---------------------------------------------~·-------------------------------------------~------------------
: TOTAL I 14527 1799 72184 4953 4723 22142 2t372 6487 3771 17913 16694: 13249 69804 891291 ,: 
------------------------------------------------------------------------~---·-----------------------------------------------------



TABLE 6.6 • 1t-SECTOR TRANSACTIONS TABLEr ALICE SPRINGS REGION, 1976-77 ($'118) 

------------------------------------------------------------------------------------------------------------------·----------------
f SECTOR 1 2 3 4 5 6 7 8 9 u 11 I H·H D.F.D. EXPORTSI TOTAL I I 

--------·-------------------------------------------------------------------------------------------------------------------------
1 C t ' • 39 ' ' ' ' ' 75 II • f 8683: 8797: • 
2 t 12t 1 ' 3 ' ' • ' ' 2 1t ' t 2: 12,: 
l I 

' ' 4177 268 • 151 3 2 I ' 13: I " 67061 11219: • .. I 42 ' 311 931 8 3934 317 231 t3 39 518: 354 2881 l 366 I 119341 
5 : 39 1 1 91 25 o9 599 42 429 868 1391: 419 1352 41 !53301 
6 : 173 1 ' 118 111 I 1327 411 343 3958 15441 671 28841 391 37504: 
] I 511 7 12 443 33 2157 9751 921 U83 454 1957: 6193 76980 3131 190631 : Q 

8 f 73 ' 17 293 38 438 644 392 t51 343 285: 1652 13715 1745: 197071 

' l l • I 11 t 181 3218 ] 481 687 112: 4816 15"35 1711 24711: 
I 11 : • ' 1 I ' ' ' t 2 2221 ti 264 9334 64891 18251 l ' • 11 ' U2 I 15 ' 3 4 278 191 214 414 434: 1888 4f44f 249561 68921 I ' 4 

c.n 
---------------------------------------------------------------------------------------------------------------------------------- ~ • H-H: 1116 33 249 2919 1349 12189 14497 7798 9789 7524 42263l • e "' 99626: . I 

I O.IJ.A.I 4972 61 2 1 tt3 3275 4983 33981 359t 8984 411 94441 ' • ,: 69894: 
IIMPORTSf 2647 26 0535 4727 497 13499 36128 6133 3214 1275 11148: t331t " e: 98938: 

---------~-----------------------------------------------------------~------------------------------------------------------------
2 TOTAL : 8791 t29 11219 10934 5331 37514 !Holt 19717 24711 18251 68921: 29488 188497 504741 • ,: 
-----------------------------------------------------------------------------------------------------------------------------"----

..) .) _) .) 
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TflBLE 6.7 1t-SECTOR TRANSACTIONS TABLE: NORTHERN TERRITORY, 1976-77 Ct'llf) 

----------------·-------------------------------------------------------------~---------------------··-----··-------------------
I SECTOR 1 2 3 4 5 6 1 8 9 11 11 • H-H O.F.D. "EXPORTS: TOTAL I I 

-----~$----------~----------------------------------------------------------------------------------------------------------------
I 1 ' ' f • 1188 ' • • ' ' 1166 ,: ' '1 228171 249611 

• 
J 2 I 351 1 • 159 ' • ' 1 ' 144 241 289 • 119451 119191 

• 3 I 1 ' 28569 12292 • 889 5 7 ' I 241 I I 1849821 2267691 
• ' I .. : 141 2814 2734 18429 76 34787 13H 11t5 56 · 761 13691 2919 58891 49921 129199: 

' 5 f t38 S8 5t 1767 2H 495 1537 293 1278 12392 37121 1913 5874 01 296971 

I 6 : 510 5 7937 1157 698 • 3372 2278 119:5 56487 42751 2754 169286 145: 249999 l 

• 1 r 146' 682 291 4537 195 14411 24652 3582 1955 6484 51871 35253 156759 231l 2565761 
I 

• 8 t 2fl 61 1152 3112 173 2834 2852 2383 516 4899 4481 U17 :54834 112701 845541 
• 

' t ' 451 14 234 7 H35 7756 178 1448 9799 49:S: 22744 2:5193 ,: 69468: 

l 11 ' ' 57 36 • • • • • 0 317t2 1: 1143 228158 t: 261H? l tn 
00 

l 11 I 287 ... 578 8 14 24 641 561 614 5764 921: 9445 115959 JJ554 l t 65383: . 

-------------------------------------------------------------------~--------------------------------------------------------------
H-H f 2813 4H7 71'1 31164 751, St246 36884 35535 27289 114952 tHJ641 ' • It 437141 t 

1 o.v.A.: t 1564 2383 1227 15224 18'54 3J35t 86372 14326 25265 4SS& 22814: • e et 235t671 

UKPORTS: 74U 132,t 1769'1 41128 2715 81837 91199 24395 8846 21966 25861: 71362 ' e: 55-c,29: 

---------------------------------------------------·---------------8-----------------------------------------~~-·-----------------
f TOTAL I 24961 11919 226769 t2t1'9 296'7 249999 256376 84554 69468 261H1 1653831 147439 814863 2648331 ta I 

---------------------~-----~-------------·------------~-·--------------------------------------------------~----·---~----·---~-----
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The tables summarise the interindustry transactions 1 in dollar 

terms at basic values for 1976-77 for the regions of the terriroty. 

The first eleven -entries in each row indicate the sales from that 

sector to other sectors in the same region; the last three entries in 

each row indicate the sales from that sector to households, other final 

users in the region and to markets outside the region. For example 

the sales of the Animal Industries sectors in all tables are virtually 

restricted to the Manufacturing sector (including rural processing 

factories), the government sector, and to exports. The proportion of 

the output of this sector exported reflects the importance of this 

activity in the region. Over ninety percent of the total output of 

this sector is exported from the Northern Territory, with the majority coming 

from the Katherine-Barkly and Alice Springs regions. 

A more detailed study of the rows of the regional tables draws 

attention to some important characteristics of the Northern Territory 

regions. As noted previously, the Territory is divided into three 

broad bands, top, middle and bottom, and in this context some 

interesting comparisons can be made. Firstly, the service type sectors 

are mainly concentrated in the top, and to a lesser extent the bottom, 

regions. Public Administration, Community Services, Tourism, Build i ng 

and Construction and Trade are particularly important in the Top End, and 

are also dominant in the AU ce Springs region. These appear to be 

the two main centres of government and tourist activity, whilst Trade 

is a relatively important sector in all three regions. Building and 

Construction is particularly important in the Top End region. This 

is largely a reflection of the large scale construction by the Mining 

industry, and also building and construction within the Darwin region. 

1. Other terms used in the literature for these tables include 'gross 
flows tables' or 'interindustry flows'. 
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Secondly, mining activity is particularly important in the 

top half of the territory. Mining is dominant in both the Top End and 

Katherine-Barkly regions, although overall much more concentrated in the 

Top End. This is due to the large scale mining activity in the Alligator 

and Arnhem Land areas, with mining becoming less important as we proceed 

southward. 

Thirdly, the agricultural industries (animal industries) 

are mainly centred in the middle to bottom regions, with the main cattle 

production being in the Katherine-Barkly Tableland areas. Relatively 

little cattle production occurs in the Top End region. Fourthly, the 

majority of manufacturing occurs in the Top End region, half of that in 

the Darwin area. Most of the manufacturing outside the Darwin region 

would be associated with the mining industries. 

The first eleven entries in each column show the purchases wh i ch 

each sector makes from other intennediate sectors in the same region; 

the remaining three entries show the purchases of labour (in the 

households row), the imports of that sector, and the components of other 

value added (depreciation, indirect taxes, interest, profits etc.). In 

general tenns, the relative size of the entries in the intermediate and 

primary inputs quadrants indicates the extent to which each sector obtains 

its inputs from other local sectors. 

The column structure of the regional tables is important. 

Since the columns show the pattern of purchases of each sector, they are 

the basis for the calculation of tables of coefficients for the 

analytical application of the table described in the next section. An 

examination of the columns of the transactions tables is an important 

prerequisite to the analytical stage, and highlights some important 

points with respect to the Northern Territory regions. 
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'. Firstly, the column shows 1 within the household row 1 the 

sources by sector of the wages, salaries and supplernerits paid withi.n the 
, 

region, and indirectly- the importance of each sector as a source of 

local employment. It shows, for example, the dominance of the service 

sectors as the source of employment in most regions, particularly the 

Conununity services and entertainment sector, Transport and communications. 

Public Administration and Finance Sectors. One the other hand the income 

component of the Mining Sector is low reflecting the proportion of the total 

wages and salaries paid• to mining personnel that is actually spent within 

the region. Secondly, the columns show the importance of imports by 

sector for the regions of the state. Almost inevitably (except the 

Darwin region), the highest level of imports for each region is shown by 

the Mining sector, to the extent of over eightly percent of total inputs 

in the Top End and Katherine-Barkly regions. Other very high import sectors 

are Manufacturing, Building and Construction and Trade. The lowest 

importing sectors are, of course, the service sectors. 

Each cell entry in the transactions table represents, o;f 

course, the sum of the transactions between two sectors for the t i me 

period under study. Consequently each cell entry is importantt as 

it indicates whether the economic linkages between the sectors concerned 

are strong or weak, i.e. the extent to which a change in the level of 

output of one sector is likely to affect the other. While it is 

important to identify weaker linkages, it is the stronger intersectoral 

linkages which are more important in identifying those characteristics 

of an economy which determine its response to changing economic circumstances. 

The relative size of each cell entry, the distribution of these relative 

sizes over the table, and the tendency for larger entries to appear in 

particular sectors are therefore important in understanding the nature 

of each regional economy and the variation between regional economies. 
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The tables of the regions of the Northern Territory demonstrate 

the importance of these linkages. All the non-metropolitan tables are 

relatively dominated by the Animal industries, Mining or Service sectors. 

This is particularly noticeable in the Top End Region where there are 

strong intrasectoral linkages between the Mining, Manufacturing and 

Building and Construction sectors. For example the Building and Construction 

sector purchases a large proportion of its inputs from the Manufacturing 

sector. Similarly the cell Mining to Mining reflects the large purchases 

from the services to mining industry by the Mining companies. As well 

as the large intersectoral linkage of the Public Administrative sector, 

the government purchases large amounts from the Electricity and Building 

and construction sectors. 

The important distinction between the regional tables lies in 

the number of 'significant' cell entl'ies; few significant entries denotes 

a regional economy dominated by one or two sectors, several significant 

entries describe a more highly developed and complex economy with a 

high degree of intersectoral interaction. The Top End region provides a 

constrast to the tables of the other regions. A much larger proportion 

of the cell entries are relatively large in magnitude, since the table covers 

the large metropolitan Oar~in region as well as the major mining areas. 

On the other hand, the Katherine-Barkly region would be the best 

developed of the regional economies. 

6.2 The Northern Territon- Tables 

An eleven-sector transactions table for theNorthern Territory 

is provided in Table 6.7, and a 16-sector table in Table VI-3. 

Table 6.7 is in effect a summation of Tables 6.3 to 6.6, in 

terms of sector output levels and some non-trade components of primary 

inputs and final demand. Many items which comprise interregional trade 

in the regional tables were not components of trade at the territory level 
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and adjustments were made for these items. Those items which comprised 

overseas or interstate trade at the regional level were retained in 

the territory table, and appear as territory inports or exports 

in Table 6.7. 

1be Northern Territory table is typical of input-output 

tables describing advanced economies; it shows the many significant 

linkages expected in a fairly diversified economy. In the same way 

as regional tables illustrated the facets of the regional economies, 

Table 6. 6 demonstrates the feature of the Northern Territory economy 

in te·rms of sources of inputs of each sector and the sales pattern of 

these sectors for the territory as a whole. 

The choice between the use of the territory table or regional 

tables for an analyst will be influenced by the problem he faces and the 

point of view from which the study must be carried out. If the analyst 

is concerned with the repercussions of an event or policy on the territory 

as a whole, Table 6.7 provides the appTopriate analytical base; if 

the question of interest concerns the spatial incidence of the effects 

of an event, one or more of the regional tables will provide the 

appropriate base. 

6.3 Regional Input~Output Multipliers 

Chapter 2 outlined the procedures adopted in this study for the 

calculation of input-output multipliers, and briefly discussed the 

interpretation of these multipliers. Output, income and employment 

multipliers were calculated; these appeaT in Tables 6.8 to 6.22 . 

The tables of direct coefficients, and the inverses of both open and 

closed versions of the unifonn tables are presented in Appendices VIII, 

X, and XI respectively. 
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This section provides only a hricf discussi1n of the 

multipliers derived by the GRIT II procedure for the Northern Territory 

and its regions. The tables of multipliers provide a large volume of 

information with respect to output, income and employment characterist i cs; 

such information has only been available previously in Australia for 

the Queensland and South Australian economies and their constituent 

regions. The input-output tables and multipliers provide a sufficient 

empirical base for a detailed study of the spatial structure of the 

Northern Terr:i.tory economy, and this would be a useful topic for future 

research. However, this section has more modest aims. namely the 

identification from the multipliers of the most significant features or 

regularities; detailed comment is not provided in this report. 

Output Multipliers 

Three types of multiplier effects were calculated: 

(i) First Round Effects (the effect of the first round of 

purchases by the ~ector providing the additional dollar of 

output). This is shown in the elements of the direct 

coefficients matrix. For example, for the Darwin region 

(Table VIII-1) the direct effect of a $1 change in the 

output of Sector 1 is $0.0165 on Sector 2, $0.0050 on Sector 

4, and a total of $0.1007 on all intermed::ate sectors of the 

economy (Table 6.8). 

(ii) Industrial Support Effects 

This measures the "second and subsequent round" effects, as 

successive waves of output increases occur in the ec:onomy to 

provide industrial support as a response to the $1 increase 

in output. This does not include any increases caused bv 

increased household consumption. Output effects are calculated 

from the Open Z inverse (Table X-1), as a measure of industrial 
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TABLE 6.8 TOTAL SECTOR OUTPUT MULTIPLIERS DARWIN REGION: 11-SECTOR TABLE 
············•·*••t•~•**•••t••·· 

----------~----------------------------------------------------
SECTOR. INITIAL FIRST INDUSTRIAL PROD'N COHS"M TOTAL 

IMPACT ROUND SUPPORT IHIIUCED !HDUCED 
----•o•-•----•---••--~-----~•-••-•-••••-•--•---------•-••--~---

i 1.HH l.iff7 t.1193 f .1t99 t.9768 i.1967 
2 1.HH 1.3154 8.1682 f.3836 0.2411 1.6248 
3 1~HH t.2864 t.f7f8 1.3~72 e.1Ha 1.5380 
4 1.BeH t.'.2043 t.1456 t.2499 t.1877 1 .. 4376 
5 1.HU s.t482 I.HH tel572 e.1550 1.2128 
6 t.HH t. Hl88 1,1433 1.2321 0.2064 1 .. 4385 
'1 1.HH f.1285 t .. 1199 e. 1414 f.13978 1~2452 
9 1sHH t.1H5 1.tue ,. 1173 f.2474 1.3647 

' 1.HH t.1171 tl.114i 9.1219 9.2301 1.3510 
ti 1.,HH 1.4972 f .1457 1~6429 S,.3352 1.9781 
11 1.HH t.t772 ,.,122 1.18?4 e .. 3197 t.4891 

---------------------------------------------------------------
TABLE 6.9 TOTAL SECTOR INCOME KULTIPLIERS DARWIN REGION: 11-SECTOR TABLE 

t•t•••t•t••···••***********•$·· 
------------------------------------------------------------------------------------------
SECTOR INITIAL FIRST INDUSTRIAL PP.OIVH CONS'H TOTAL TYPE IA TYPE IB TYPE ll 

lltPACT ROUND SUPPORT INDUCED INDUCED 
--------------N--------Q-•ho-~~-------------------~--~---------------------~-----~------•-

1 t.1189 t.1287 t.HS3 f.'341 i.1216 1.1646 t .. 2639 f.3126 1.5113 
2 1.3433 t.1862 1.8195 1.1157 t.8679 1.5169 1.2512 1.3f8t 1.5959 
3 9.2339 1~1824 f.9293 ,. 1121 I.SSH §.3876 1.3522 1,4398 t.6567 
4 la2783 t.1579 ,.,n, 1.1718 fl.6529 8.4623 1.2ea1 1.2548 1.•H47 
s t.272f ,.,t5t 1$1125 ,.,176 f.9438 f.3335 1.1553 1ef646 1c2257 
6 1.3199 1.1521 t.1123 1.11644 ,.ese2 · f.-4425 1.1628 1.21'12 1.3830 
1 t .. 1434 1.1334 f.1953 f.1387 t.&276 t.2H7 1. 2332 t.27110 1 .. 4621 
s ·~4243 t.1315 t.H47 t.1363 0.1697 t.5312 1.1743 1,0855 1.2497 

' 1.3911 t.1331 I.H42 1.1372 1.8648 t.4930 l .1845 1.1952 1.2619 
11 t.4158 - f.1727 t.1456 1.2182 t.1944 f.7184 1.4256 1.5379 t~77f6 
11 i.5691 1.1227 ,.,n4 ,.,2,1 1.1911 t&6854 t .1399 1.945? 1.2042 

------------------------------------------------------------------------------------------
TABLE 6 .10 TOTAL SECTOR EHPLOYHENT MULTIPLIERS DARWIN REGION: 11-SECTOR TABLE 

····••*•**••·········•*•*•••*•*•••* 
-----•-------------------------------b------------------~•------------~--------------------SECTOR !HlTIAL FIRST JHDUSTRIAL PRO!VH COHS'fi TOTAL TYPE IA HP£ lB TYPE II 

lHPACT ROUND SUPPORT UHJUCED INDUCED 

--------~--------------------------------·----------------~----~---~----------------------1 1.1922 S.H26 t.Hl4 I.H31 t.8658 ,.,n, t .9315 1.0369 1. U7ff 
2 ,.12at t.H67 f.H16 a.H83 iJ.tH81 l.f545 1.2384 1 .. 2937 1.9384 
3 ,.1217 e.H61 f..HU laH76 i.6136 1.8419 t.2938 1.3692 2.fJ261 
4 ,.,101 t.H44 f.Htl I.H54 

'·" 41 
t.'375 1.2451 1~3111 2.0831 

5 t.1142 1.8111 .... ,2 I.Ht3 , .. ,n1 1.11212 1.17&8 t.§921 1.9131 
6 t.'238 t.H37 t.H1t f.1847 t.8155 9.f44f 1.1552 1.t955 t.8458 
7 1.1221 ii.HJ-I I.SH5 1.61139 t.H73 0.6332 1. t536 1. 175t L5e89 
8 0.1332 9.H27 f.H94 t.HJ1 6.lt86 t.1549 1.Ht2 1-1918 1.6Sf7 
9 •~t351 I.H29 t.tH4 f.9933 1.1173 9.0557 1 .H3i 1.0939 1.5ti58 

u 1.8234 t.1125 t.H34 f.tt59 1.e2s2 ,.,6~4 1.5338 t.6779 2.755~ 
11 1.1477 1.1118 O .. Hn I.H21 t.'24' t.1738 t.1374 1.0431 1.5465 

---------------------~-----•A•--~~-------------•------------------------------------------
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TABLE 6.11 TOTAL SECTOR OUTPUT HULTIPLIERS TOP END REG !ON: 11-SECTOR TABLE 

······················••*••·••* ---------------------------------------------------------------
SECTOR INITIAL FIRST INDUSTRIAL PROD'H CONS"ff TOTAL 

IHPACT ROUND SUPPORT INDUCED INDUCED 
------~--------------------------------------~---~-------------

1 1., .. , t.1235 ,.,313 t.1548 1.1918 t.2557 
2 , ..... tJ.3785 ,. 1361 f.5'67 t.3951 . 1.8118 
3 

t ·"" ' 
,. 1761 t.1441 ,.2211 t.6304 1 • 2311:5 

4 t.HH 1.3382 e.11,6 t.4438 e.20,1 1.6445 
s 1.HH t.f494 t.1126 t.162t f.18t2 t .. 2431 
6 1.HH 1.2332 9.1832 t.3164 8.2538 1.5712 
7 1.HH t.1692 t.1339 1.2131 9.1259 1.3289 
8 1.Htl t.1197 t.128' t.1477 e.Jta2 1.4559 

' 1.HH ,. t 164 ,.1212 t.1376 f.2831 ., .4217 
u '·"" 1.n,3 f.1698 1.6651 t.4HI 2.9731 
11 '·"" ,. 1111 ,.12n ,.122, G.4184 1 .. ~484 

------------------------------------~--------------------------
TABLE 6.12 TOTAL SECTOR IHCONE MULTIPLIERS TOP END REGION: 11 -SECTOR TABLE 

-----------------------------------------~-------------------~~----·----------------------SECTOR INITIAL FIRST INDUSTRIAL PROD'H CONS'H TOTAL TYPE IA TYPE IB TYPE 11 
IMPACT ROUND SUPPORT INDUCED INDUCED 

--------------------------------------------·-----------------------~-~----·--------------
1 I.UH fcfl21 , ... 1, 1.139' •• ,2,2 fl.18!9 1.2822 1.3435 1.6915 
2 1.3483 t.'887 f.1248 t.1135 t.1884 t.5512 1.2546 1.3259 1.~795 
3 1.1194 '·"" e.tf67 1.1266 f.H88 t.1548 2.1279 2.3735 2.8275 
4 ,.2293 ,.t:i69 1.1177 t.t74!! •• ,~81 1.3621 1.2481 1.3250 1.5785 
5 1.2572 t.1144 ,.112, t.1171 8.1525 t.3267 1.1559 1.0662 1.2762 

' 1.3193 I.UH t.1151 t.1649 ,.,ns 1.4571 1.1565 1.2033 1.4335 
7 l,143S 1.1392 1.1179 f.1471 1.1364 1.2271 1.2731 1.3277 1.5817 
8 1.4264 f.1341 I.H61 , •• 411 f.18'2 f.5557 1.17'7 1.C,940 t .3032 

' t.33C?9 1.1337 t.H51 1.1387 t.H2t t.5195 1.186~ 1.f993 1~3996 
u 1.4('15 1.1716 t.1455 1.2161 f.t181 1.7358 1.42Sf 1.,384 1.8327 
11 1.6,27 ,.,261 f.H47 t.1317 ,.1212 1-1545 1.1431 1.S509 t.2521 

----------------~-------------------------------------------------------------------------
TABLE 6.13 TOTAL SECTOR ENPLOYHF.NT MULTIPLIERS TOP ENO REGION: 11-SECTOR TABLE 

tt••···········••*••········••f+••· ---------·---------------------~--------------------------~---------------------------·---SECTOR INITIAL FIRST IHDUSTRiAL PROD'H COHS'H TOTAL TYPE IA TYPE IB TYPE 11 
IMPACT ROUND SUPPORT INDUCED INDUCED 

-a•--•-•-••~-•--•---••-----•---•-•--•------------••----~-•---~-----•-••----••---•-•---•----
1 1.1849 t.H35 I.Hl7 I.H42 t.H7S 1.1965 1.1416 1.0493 t.1377 
2 f.0331 .... 64 f.H23 t.HS1 ,.,221 t.1644 t.1947 1.2631 1.9498 
3 t.1169 f.H22 t.HH t.H28 t.ft2J ,.,12, 1.312t 1.-4131 t.729-4 
4 1.1121 I.HO t.Ht6 f.H66 ,.,10 t.'342 1.3875 1.5171 2.6898 
5 ,.112, t.Ht1 ,.0112 t.H14 t.1135 8.f274 1.1894 1,1178 2. t7f0 
6 1.1236 t.HJ9 I.HU t.tl53 •. ,u, ,.,ttn 1, 1667 1.2259 2.0271 
1 l.t24t f.H~5 l.ll\18 t.H53 I.H94 &."387 1.186' 1.22e, J .6097 
8 1.1329 ,.,en t.fJz!H I.H38 ,.,22, t.1396 1.1911 1.1147 1, 8115 

' t.lJ,49 1.HJJ i.iiOtS t.H38 •• ,2t1 1.1597 1.89:S2 1.1994 1 .7132 
11 t.nH 1.11n t.Hl6 1.1162 e.nn t.0675 t .61~9 1.7765 3,2267 
11 t.9667 I.H24 I.Ht4 t.H28 f.8311 t.1H6 1.8356 1.1423 1.5091 

•-•--••••--•a--•---------••--------•-••---•-•---••--•w-•-•~•••••••-•-•-•--•--•--•-•-••-----
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TOTAL SECTOR OUTPUT nULTIPLIERS KATHERINE-BARKLY REGION: 
............ utu .. o .. Htu•o 11-SECTOR TABLE 

' -------~------------------~-------~-------~-----------·-------~-SECTOR INITIAL FIRST INDUSTRIAL PRGD'M COHS'N TOTAL 
IHPACT ROUND SUPPORT INDUCED INDUCED 

1 1.HH l.19tl f.H86 i.1989 e.e673 1.1662 
2 1., .. , t.1179 t.1151 1.1331 8.159, 1.2,25 
3 t.HH 1.1141 t.H68 f.HH ,.na-4 1.1113 
4 1.HH ,.ue, t.1134 t.1514 1.1343 1.2851 
s , ..... 1.1222 ,.1121 1.1242 t.t2t8 1Q145t 

' 1.tHt t.1843 ,.,112 tJ .. 0945 t.1655 1a:26GI 
7 1.HH t.1815 I.HSI 0.1955 1.1782 1.1737 
8 1.HH t .• 18St t.HH 1.1931 t .. 2196 1 .. 3127 

' 1., ... '·'"' .... 68 1.1969 1.282'5 1.2994 
11 1.HH f.4915 1.1135 1 .. 5941 i.2847 1.8786 
11 1.HH t.1911 t.H65 1.1966 t .. 2956 1.3922 

TABLE 6.15 TOTAL SECTOR INCOKE MULTIPLIERS KATI-tERINE-BARKLY REGION: 

·····························•* 
11-SECTOR TABLE 

--------------------·-------~----------------------------~-----~-~-~-------------~~------~ SECTOR IHITIAL FIRST IMDUSTRIAL PROD'N CONS'H TOTAL TYPE IA TYPE 1B TYPE Ii 
INPACJ ROUND SUPPORT INDUCED INDUCED 

•-•-•~-•••••••-•-••-••••••-•-••--••--•-•-••-•--•••-•-••••e••••~•~•-••-••-•~-~•-•-•--••-•o~ 

' 1.1151 ••• 251 ,.1121 1.1277 e.1234 1.1662 1.2233 1.2412 t.4447 
2 1-3179 1.1212 I.H32 1.1314 1.1555 1.3937 1 .. 1893 1.1986 !.2787 
3 ,.,sn I.HU t.Hts t.1168 1.1116 1.1151 1.1141 1.1f77 1 .3GUf 
4 t.2541 •. ,21, t.1131 1,1311 1.1461 t.3315 1.us, 1 .1181 1.3114 
5 t.2484 

- _.,_ 
.... 14·· - , .... ,--- 1.111,· t.1421 : 1 .. 2982 1.1296 1.9311 1 .. 2H8 

6 1.3288 t.'2H f.H22 ,.,222 1.§575 1.4185 1QHH 1.1674 1,,2424 
1 1.1441 ,.,211 I.HU f.1219 1.1212 ,.t9Jt 1.1392 1.1524 1.3414 
8 1.4394 ,.,20 t.H19 t.1263 1.1764 •• ,421 t.1554 1.1598 1.2335 

' 1.4128 ,f,.f25t t.Ht7 ,.12,1 fs17f4 1.4999 1.1621 1,1663 t .. 2411 

" 1.3'98 ,.1113 l.f325 t .. 2138 '·"" , .. 1,2, 1.4285 1.50'7 1.7572 
11 ,., .. , 1.1246 t.H16 t.1262 ,.1,21 1.7296 1.1411 1.9431 1.2148 

TABLE 6.16 TOTAL SECTOR ENPLOYnEHT MULTIPLIERS KATHERINE-BARKLY REGION: 
tt•tttH$Ut••••••ttt0~$1U:tti,***** 11-SECTOR TABLE 

-----------------------------------------------------~-~~-------~---~-----------------·---SECTOR INITIAL FIRST IHDUHRIAL PROD"N CONS'N TOTAL TYPE IA TYPE :U TYPE II 
1"PACT ROUND SUPPORT INDUCED INDUCED 

•••••~••••••••••••••-•••••••••••••-••••••o•-•••--••--••••m••••~•-•-•~•~-•-••-~•-•-•~--•-•-
1 1.1149 ,.,12, f.Hl2 f,.H2? l.tt,:s 0.1832 1.8336 1 .13o4 1. 1194 
2 1.146' I.H24 I.HIJS 1.1129 8.1131 1.1627 t.1511 1.a,11 1.3431 
3 '·'"' t.HH '·"" I.Ht7 I.H25 , .. ,111 1.1885 1.!127 1.4652 
4 1.118' t.HS2 t.lH4 .... s, ,.,111 1.1352 1 .. 2783 1.2974 t.8921 
s 1.,111 '·"" '·"" I.IH1 ,,..,,, o.o:n, 1.1588 1.6631 1.9666 
6 tel214 I.Hts t.HH t.H21 ,.1134; , •• 431 1.1651 1.9771 1.5749 
1 ,.,211 ,.1121 t.lH2 f.1123 t.tH4 1.,2,:s 1.1995 1.1887 1.4189 
8 f.1399 I.H23 t.Ht2 t.11125 fcfHH §.16'5 1.5566 1 .. 9614 1.5142 

' 1.1326 ,.1121 f.Hl2 t.H23 1-1161 ,.,su 1.HO 1.0699 1.!5814 
11 •• ,216 •• ,128 1.1126 l.t1S4 0.1234 1 .. 1594 1.62H 1~14,6 2.8831 
11 t.1492 '·"" 1.1112 I.H21 f.1243 1.8756 1.1386 1.1419 1.5368 

••••••••u••••••••-•••••••-••••••-•-•••••••••••~••-••••-••••-~••-••--••••-•-•---•-••--•-•-• 

'I 
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TABLE 6.17 TOTAL SECTOR OUTPUT "ULTIPLIERS ALICE SPRINGS REGION: 

····························•i• 
11-SECTOR TABLE ________________ fl ______________________________________________ 

SECTOR · INITIAL FIRST ?HDtiSTRIAL PROD'N COMS'N TOTAL 
UtPACT ROUND SUPPORT INDUCED INDUCED 

----------------------------------------------~----------------
1 1.HU 1.1207 t.1213 t. Htt ,. 1196 1.2697 
2 1.HH 1.8628 1.St36 t.1964 f .2147 1.3111 
3 t .eeee 9.3952 t.2374 1.6326 0.1498 t .6734 

4 1.HH e .1999 t.1512 i.2511 9.2542 L.5053 
5 1.HH 1.9392 I.H79 t.1462 0.2197 1 .. 2568 
6 1~HH t.t822 t.1414 f.2236 9.2979 1 .. 5214 

7 1.HfHI t.1612 f.8274 6.1876 1.1481 1.3363 
8 1.HH t.1189 1.1211 ,. t31f t.3419 1.4719 

' 1.HH i.119'1 t.1165 §.1263 t.3417 1.4671 
1t 1.HH ,.~959 1.1439 1.6398 , ... 959 2.1357 
11 1.HH l.e895 I.ft 45 1.1139 0.5163 1 .6113 

---~M••-----------------------------•-e-•-•--••--•-•------~-~~-
TABLE 6.18 TOTAL SECTOR INCGNE HUlllPL!ERS ALICE SPRINGS REGION: 

·················•·*••**t*••··· 11-SECTOR TABLE 

------------------------------------------------------------------------------------------
SECTOR INITIAL f lRST IHDIJSTRIAL PROD'H CONS'H TOTAL TYPE IA 'fYPE 1B TYf'E II 

UtPACT ROUND SUPPORT INDUCED INDUCED 
--------------~---------------------------------------------------------------------------

1 t.1155 f.131 t 1.H48 t.1359 t.'368 t.1882 1.2692 1.31i8 1.62n 
2 t.2515 fJ.f17f 1.8132 ,.,2,2 1.1661 ll.3377 ,.t674 1.9812 1.3425 
3 ,.,221 ,.,un t~ft24 t.1294 ,.,125 t.1641 1.7766 2 .. 3296 2.8952 
4 f.267f t.f459 t.1189 t.1548 1.1781 f.3999 1.1718 1.2052 1.4978 
5 t.2531 •• ,110 f.H17 f.1135 f.8647 1.3314 1.1468 1.0534 1.3992 
6 I.J25t 1.1431 f.H89 ,.t519 I.H15 · f.4685 t.1325 t.1598 L4415 
7 1.1441 8.1375 I.H66 t.1441 lef457 t.2338 1.26H 1.3060 1.6231 
8 1.3957 ,.nu t.H48 1.1357 t. U48 B.5362 1.1783 1.0993 1.3551 
9 t.3963 ,.nee t.H41 f.1349 t.U47 i.5359 1.1778 1.1880 1.3522 

" 1,4f22 . t.1733 f.8421 1.2154 1.1524 1,78H t.42"3 1.5224 1.8921 
11 •• ,132 f.'241 i.H34 t.1276 9.1556 t.7964 1.1394 1.0450 1.2987 

-------------------~----------------------~----------------·------------------------------
TABLE 6, 19 TOTAL SECTOR ENPLOYNEHT NULTIPLIERS ALICE SPRINGS REGION: 

t••·••*•*••···········••*•*•*~·••*• 11-SECTOR TABLE 
-------------------------------------------------------------------~---~------------------SECTOR IHITIAL FIRST INDUSTRIAL PROD'N CONS'tt TOTAL TYPE IA TYPE IB TYPE II 

UfPACT ROUND SUPPORT H!DUC£D INDUCED 
---------------~----•--------~--------------------~------------------~----------M••-~------

t B.1754 t.8184 t.ee,~ f,H89 I.H4S t.8891 1.1121 1. t 176 f .1820 
2 t.4617 t.H48 I.HU I.HSI t.H87 f.4745 1.tli4 1.01U 1.8298 
3 1.8119 f .. H51 t.H32 f.H83 I.H1i t.6219 1. 4398 t.6983 1.8366 
4 1.9249 t.H45 f.HU I.H55 1.11183 t.'4$7 1.1826 1.2215 1.6356 
s 1.1118 t.tH9 f.8H1 f.Ht1 f.i085 e.,2H 1.f7i1 t~t892 1 .. St 13 
6 ,.,257 t.H39 t.Hf8 f.H47 ,.,121 t.1425 1.1499 1.1821 1.6511 
7 f.1131 t1.H26 f.lH5 t.H31 f.H6f 1.1223 1 0 t998 1.2367 t.6955 
a l.13t7 t.H25 ,.u, .. t.H29 1.9138 f.8484 1.0779 1. '901 1.5256 

' e.fi1n t.H28 t.H03 t.H23 f.1138 0.1334 1.1178 1.1345 1.9331 
u f.6f7t t.9111 f.H31 1,1142 t.12i1 1.1514 1.6465 1.8276 2.9991 
11 f,1393 I.H17 I.HU t.H21 t.1215 t.1618 t.1445 1.1517 1.5740 

------------------------------------------------------------------------------------------
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TABLE 6.20 TOTAL SECTOR OUTPUT ftULTIPLJ£RS NORTHERN TERRITORY: ' 
························••t••·· 

11-SECTOR TABLE 

------------------------------------------Q·-------------------
SECTOR INITIAL FIRST INDUSTRIAL PROl.l'N CONS'H TOTAL 

I"PACT ROUND SUPPORT INDUCED INDUCED 

-----------------------------~------------------------~--~------
1 t.HH t.1245 t.9294 i.t539 t.1163 1.2703 l '"') 

e.122, i.4698 f.3376 1.8074 
I 

2 t.HH t.3477 ' ' 
3 1.Hfl t.1824 f).1456 D.2279 0.6458 1.2?37 

4 1.HH 1.3314 f.,;'86 t.4291 0.2335 1 .. 6625 

s t.HH 8.1459 t.t1H 1.1565 0.2f36 1.2601 
6 1.HH 0.2183 f.9742 f.292-1 0.2878 1.5802 
1 1.HH 1.1642 1.8312 i.1954 1.1427 1.3381 

8 t.HH t.f218 9.1268 ,. 1486 t.3466 1.49~1 

' 1.HH fl.1 t61 1.i198 t.1359 1~3236 1.459~ 
If 1.HH 1.4962 e. 1636 t.6598 0.4645 2. 1242 

11 1.HH t.0988 t.12H t.1188 G.478i' 1.5975 
•--•••,•---•---w---••-•••---•-----••••~~----~~•-•-----•-----•---
TABLE 6.21 TOTAL SECTOR INCONE "ULT!PLIERS NORTHERi~ TERRITORY: ~ 

··~···••*••·····••*••·~•*•*••·· 11-SECTOR TABLE 

-----------------·----------------------------------------·-----------«·-----4 ..... ----------· ... -""'--
SECTOR INITIAL FIRST INDUSTRIAL PROD'N CONS'ff TOTAL l'YPE IA TYPE Ia TYPE Il 

IHPACT ROUND SUPPORT INDUCED INDUCED 
-------------------------------------------------------------------------~----------------

1 S, 1151 1.1331 t.H67 IGl398 f.1335 f.181H 1. 2872 1.1458 1.6371 
2 t.34t2 i.6846 1.9238 t.1183 1.1973 f.5468 1,2478 1,3175 1.6627 
3 t.1317 , .. ,221 e.ts72 t.1292 1.1132 t.8741 f.6955 1.9219 2.3380 
4 t.2335 t.1597 1.8171 1.1775 ,.un e.3782 1.2559 1.3318 1 ~62~'i 
5 1.2551 t.1136 t.H23 1.1161 t.1587 t.3297 1.1534 1.162& 1.2926 

' f.3211 ••• 481 1.1142 t.1622 ,.,n, ,.~662 1. 1495 1.1938 1.4523 
1 1.1438 1.9388 t.1174 t.1462 ,.t4t1 8.2311 1.27H 1.3217 1.6178 
8 1.4213 ,.,351 t.U61 1.8412 t.1999 t.5614 1.H36 1.098t 1.3358 
9 t.3928 t.1332 I.H48 ,.ne, f.8933 1.5241 t .H46 1.0968 1.3342 

1f l.4f21 ,.t714 f.1451 ,.21n ,. 1339 f.7524 1.4262 1.5380 1.8710 
11 t.6169 . ,.,261 f .. H44 1.1316 ,.net t.7754 1.1438 1.GS63 1.2778 

-----·--·-----------------·--------------------------------~-·--------------------~--------
TABLE 6.22 TOTAL SECTOR EMPLOYMENT HULTIPLIERS NORTHERN TERRITORY: 

*••···••*••·············~•*•*•***•* 11-SECTOR TABLE 

----·------~------------------~----------------~-----------------------·-----~-----------·-
SECTOR INITIAL FIRST I HllUSTRI AL PROD'ff CONS"H TOTAL TYPE IA TYPE IB TYPE lI 

INPACT ROUND SUPPORT INDUCED INDUC£D 
------------------------------------------------------------•--•------------------•-N-•-•-1 l.'757 t.HJJ t.HH t.HJ9 t.H67 t.1862 t.1435 1.9511 t.t390 

2 t.1442 f.H59 f.H21 t.H79 f.1193 e.en s t.t325 1.1797 1.6169 
3 1.1172 9.1123 t.8617 t.H29 I.HU, B.1127 t.3136 1.4143 t .7692 
4 1.1137 1.1852 t.H16 9.H68 if.f134 0.0339 1.3815 1.4977 2. ◄724 
5 ,.,122 '·"" t.tH2 t.H12 l.&117 t.1251 t.9852 1.1H9 2.0574 

' t.t242 I.HJ6 I.Ht3 I.HO t.1165 ,.,4~6 t .1483 1.2097 1.8812 
7 •. ,1,~ O.H37 t.H17 f.H44 f.H92 ,.e:i21 i. 1896 1.2239 1.64JJ 
9 t.'332 f.H3t 6.Ht5 1.1836 t.1198 1.1566 1.f914 t. HJ72 1.7t&f ,, t.1285 t.H28 1.tH4 t.H32 t.8185 1.8512 1~6978 1.1124 1.7629 

11 e.12u 1.1121 1.H34 1.1154 i.0266 f,1626 t.5834 1.i'-466 J.03t.2 
11 t.1526 t.H21 f.fH4 e.H25 8.1274 t.1825 t .'397 1.0469 1.5683 

---------------------------~----~--------------~---------~-----------·---~---~-------··---~ 
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response to the first round effects. The industrial 

support output requirements are calculated as the elements 

of the columns of the Z inverse, less the initial dollar 

stimulus and the first round effects as shown in Table 6.8 . 

This table shows that the industrial support effects over 

all sectors of an increase of one dollar in the sales of 

Sector 1 to final demand is $0.0193. The first round and 

industrial support effects are t oge t her the production induced 

effect. 

Consu!l'Ption Induced Effects 

The consumption induced effect is that induced by increased 

HH income associated with the original dollar stimulus in 

output. The consumption induced income effects are the 

consumption induced output effects multiplied by the appropriate 

household coefficients. Employment multipliers are calculated 

by substituting the employment coefficients for the household 

coefficients. 

The total output multiplier effect is the total of the production 

induced effect and the consumption induced effect, in addition to the 

initial $1 increa~e in sales. For the Darwin region (Table 6.8) 

the total output response to a dollar increase in output is $1.1967. 

The total output multiplier for sector j measures direct, 

indirect and induced requirements from all sectors for each doJlar 

increase in sales of sector j to final demand . For example, each increase 

in the sale of output of the Animal Industries sector in the Darwin 

region produces a total increase in output of $1.1967. The induced effect 

of the increased sales will be $1.1967 - $0.1199 = $0.0768. 
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An examination of Tables 6.8 to 6.22 provides some important 

information with respect to the expected output response of each sector 

on a regional basis. This may be summarised by three main points. 

First, we would expect that the regions of the Northern Territory, ranked 

in size from the metropolitan to rural regions, would displ::ty an overall 

pattern in the size of output multipliers which reflects this rankirig. 

The 'larger' economies would be expected to be more diversified and 

therefore to contain stronger linkages which would contribute to 

higher output multi pliers. In general terms the output multi pliers 

reflect the expected rankings with the Top End region showing usually 

the highest regional multipliers and the Katherine-Barkly region showing 

the lowest. Note that the relative distribution of the sectors within 

each region alsoplays an important part in determining the multiplier 

rankings. When the 'size' of the region is measured in terms of the 

total output of all sectors in the region there is some correspondence 

between the ranking of the regions and the size of the output multipliers 

for each sector. 

Secondly, it is noticeable that the output mut 1 ipliers relating 

to each sector in the Northern Territory table ar<'usual ly larger than those 

of the corresponding sectors in the regions. As outlined in Section 6.2, 

the territory tables incorporates all of the linkages of the regional 

tables. From another point of view, the regional multipliers for each 

sector should be seen as the disaggregation of the spatial incidence 

of the territory multiplier effects. However it must be remembered that 

the total multiplier effects for the territory as a whole anJ the regions 

are. not directly comparable, as a dollar increase in sales of a sector 

at the territory level does not correspond to a dollar increase in sales 

of the same sector at the regional level at the same time. ln other 

words an initial dollar spent in the territory usually means that less than 

one dollar is spent in each region. 

-, 
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Thirdly, some similarities occur in the rankings of multipliers 

across the regions. However the individual rankings within each region 

reflect the relative importance of the :industries within the region in 

terms of the effect on expansion in that sector has on the rest of the 

economy. In all the regions the Public Administration sector generates 

the largest total output multiplier. On the other hand, in the Top End 

and Katherine-Barkly regions, the total output multiplier of the Mining 

sector is relatively low, and this can be seen to be a result of the 

consumption induced effect. Very little of the household component 

of the effect of increased output is fed back into the economy, that is, 

very little of the increase household income is spent within the region. 

Most of the effect of increase in output stops at the production induced 

stage, and over eighty percent of these inputs are imported. 

Income Mutlipliers 

Tables 6.8 to 6.22 also provide the GRIT II income multipliers 

for the regions of the Northern Territory. These are provided jn 

three forms namely: (i) the initial impact or direct income effect, 

indicating the initial effect on household income of an increase in 

output of each sector. First round income effects are calculated by 

multiplying the first-round output effects by the appropriate HH 

income coefficients, as shown in Chapter 2. For instance an increase 

of one dollar in output of the Animal Industries sector in the Darwin 

region would increase household income in that sector within the region 

by $0.0287 (Table 6.9); (ii) the production induced income effect, 

which is the first round and industrial support effects (excludjng the 

initial impact) in response to an increase in sales of one dollar to 

final demand by each sector. For instance the produr.tion induced 

income effect of the Animal Industries sector in the Darwin region 

would be $0. 034 as a result of industrial support requirements. Finally 
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(iii) the initial, production and consumption induced effect is listed; 

this figure is $0.1646 for the example quoted. 

The direct income effects indicate the labour intensity of each 

sector in each region. These show, as expected, a high degree of 

similarity between regions with slight variations reflecting the 

efficiency of labour use in particular sectors, There is> however, 

within each region a wide disparity in this coefficient between sectors, 

reflecting the differences in labour intensity. This 1·anges, for example, 

from $0.1089 to $0.5691 per dollar of output in the Animal Industries 

and Community Services and Entertainment in the Darwin Region. These 

differences have an important effect on the calculation of both direct 

and indirect, and total income mul tip lie.rs. 

The total income effect shows a consistency between regions 

in the upper and lower rankings. Those sectors with high direct 

coefficients, together with large contributions to the personal income of 

the regions show variable but consistently the highest total income 

effects over all regions, namely the Community Services sector. Each 

increase of one dollar in the value of output of the Community Services 

sector destined for final demand in the Alice Springs region, adds an 

additional $0.7964 to regional household incomo; the same dollar 

increase in the same sector in the Kathcrine-Barkly region would increase 

this income by only $0.7296. The sector with the lowest total income 

effect is usually the Mining sector, as a result of the small contribution 

made by this sector to the personal income of the regions. 

!}'.P_~_I an_c!, TYPe II Income Multi.pliers 

As described above, income multipliers refer to changes in 

income per dollar initial change in £Utput. Income multipliers are 

conventionally converted to a "per unit measurement" by the calculation 

of Type I and Type II rnul ti pliers as described in Chapter 2. These were 

also calculated for all regions (Tables 6.8 to 6.22). 
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The Type IA income multiplier illustrates, for the Darwin 

region, that for each dollar of initial income effect, the total 

initial plus first round income effect in Sector 1 (as a result of 

increased output) will be $1.2639, for Sector 2, $1.2512 etc.. When 

industrial support effects are included (Type IB), associated i ncome 

effects for Sector 1 will be $1. 3126 and when consumption i nduced effects 

are included (Type II) associated income will be $1. 5113. 

From Table 6.9: Type I and II Income Multipliers, Darwin Reg i on: 1976-77 . 

Type IA = 

Type IB = 

Type II = 

where: 

I + F 
I 

I + p 
r 

= 

= 

I + P + C 
I 

I = Initial effect 

F ·- First round effect 
p = P1·oduction induced 

Sector 1 
2 
3 

Sector 1 
2 
3 

Sector 1 
2 
3 

effect 

C = Consumption induced effect 

Employment Multipliers 

J.2639 
1. 2512 
1. 3522 

1. 31 26 
1.3080 
1.4390 

1.5113 
1.50S9 
1.6567 

Tables 6.8 to 6.22 also present the GRIT II employment 

multipliers for the regions of the Northern Territory. These also are 

provided in three forms, parallel to those described above for income 

multipliers. In general terms, if the wage rate bet ween sectors is 

constant, employment mutlipliers would be expected to reflect income 
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multipliers in terms of ranking between sectors and between regions. 

The extent, to which the income multipliers and smployment multipliers 

vary in ranking highlights difference in personal income levels between 

sectors. For example, in the Alice Springs region, while the Other 

Agriculture sector shows' one of the lowest requirements for the 

direct income component, its direct requirem~at in terms of 

employment is relatively high. This :reflects the low incomes earned 

in the highly labour intensive other crops industry. 

'Ihe column of initial employment effects show variations both 

between regions for the same sector and between sectors in the same 

region. The former is an indication of the differences in technology 

which exist between regions in the same sector. For example, the 

Animal Industrias sector which varies throughout the territory, 

requires 0.0849 units of labour per unit2 of output in the Top End 

the sue sector in the Katherine-Barkly region requires only 0.0749 

sployoes to produce the same level of output. These differences in 

technology, both between sectors and between regions produce several 

changes in the rankings of total employment multipliers when compared 

overall of the regions of the territory. These sectors, namely the 

Animal Industries, Other Agriculture, Community Services, and Public 

Administration and Defence sectors show the highest-ranked employment 

1111ltipliers, but the ranking of these three sectors changes between 

regions. For instance the Animal Industries sector shows the highest 

total employment Dllltiplier in the Katherine-Barkly region, but is replaced 

in the first rank by the Other Agriculture sector in the Alice Springs 

region. and the COmDJnity Services sector in the Top Bnd region. 

2. I.e. per thousand dollars of output. 
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General Comment on Regional Multipliers 

11\e multipliers assembled in Tables 6.8 to 6.22 provide a 

wealth of information relating to the response which can be expected within 

the regions of the Northern Territory to a change in economic circumstances. 

Several important points need to ue established at this stage. First 

although the uniform tables presented in this chapte1· enable comparisons 

of multipliers between regions without difficulty, it should be 

remembered that the industry content of some sectors will vary substantially 

between regions in an area like the Northern Territory which encompasses 

several climatic and physical zones. This is so particularly with 

respect to the primary industries which vary from mining to animal 

industries to other agriculture, with different combinations and 

technologies between regions. This variation is accompanied by variations 

in the Manufacturing sector, which also differs considerably between 

the regions. Even normally stable industries like Transport, Public 

Administration and Trade vary, and it may be necessary to consult the 

non-uniform tables and multipliers to obtain a sufficient understanding 

of the response of a particular region to a change in economic 

circumstances. The analysis of this response should be interpreted in 

the knowledge of the nature of the industries which comprise the regional 

economy. 

Second, the multipliers offer significant advantages and 

improvements in the regional planning process or in the formation of 

regional policy. They provide an opportunity to isolate those 

sectors which will contribute the highest additional output income and 

employment in each region and thereby indicate those sectors which might 

receive special attention if regional economic growth is to be encouraged. 

They provide also a basis of estimating the likely decrease in economic 

activity associated with the closure or contraction of an industry. 
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Comparisons of s-actor multipliers between regions provid~ 

measures of the response which can be expected in each reg:i on to the 

establishment of a new industry or the expansion of any sector, and 

thereby provide guidance to location policy. For instance, if it was 

desired to locate an industry to maximise the increase in regional 

output resulting from the establishment of that industry, the regi<ms 

showing the highest relevant output multipliers would be considered as 

the appropriate locati_on. 

Third, although the tables of multipliers offer a convenient 

method of selecting regional economic growth strategies, it should be 

remembered that the multipliers are relevant only in the context cf the 

transactions table from which they are derived and should be interpreted 

in this light. It often transpires, for example, that the ranking of 

multipliers suggests that one or two sectors offer the most promising 

avenues of regional expansion, but that the linkages shown in the 

transactions tables suggest that expansion of these sectors is not 

feasible. The Manufacturing sector in most Northern Territory regions 

illustrates this point; it shows consistently high output multipliers 

throughout the regions and appears as a promi.sj_ng sector for expansion 

of regional output levels. However this sector is closely linked with other 

manufacturing and primary sect.ors, and the output of the Manufacturing 

sector cannot be increased without concurrent increases in these other 

industries and improvements in the transportation and other service 

facilities. 

Fourth, it is an advantage 1:0 consider all of the multipliers 

for a region in determining regional development strategies, and to 

consider these multipliers in terms of criteria for regional development. 
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It is possible tha-t the multipliers can i ndicate dif ferent directions 

of development according to the development criterja 1 i.e. that sec t ors 

with the highest output multi pliers are not necessarily those which 

would contribute the highest additional employment or income. Also by 

conside1·ing separately the magni tu<les of the initial and production 

induced effects, and the consumption induced effects it is possible to 

determine whether tha expansion of any sector in a region will confe1· 

advantages on the local sectors primarily through increased demand for 

industrial support requirements or through increased household expendi tm:·es. 

6.4 Summary 

This chapter, with accompanying appendices, has provi ded the 

empirical results of the GRIT II system for the regions of the Northern 

TeITitory. The large volume of results has allowed only a highly 

selective discussion of the input-output tables and nrultipliers . This 

discussion has been cast only in explanatory terms; the potent i al 

contribution in understanding the structure and spatial response pattern 

of the Northern Territory economy is enormous, but has not been 

considered in this report. 
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APPENDIX l 

NATIONAL INPUTwOOTPUT CLASSIFICATION IN TERMS OF' ASIC 

1968-69 

00 Agriculture t Forost:ry and f!shins · 

01.01 Sheep 0111 • 0113 (part) 
01.02 Cereal grains 0112, 0113 (part) 
01.03 Meat cattle 0121 
01.04 Milk cattle and pigs- 0122, 0123 
01.05 Poultl")' 013 
01.06 Other farming 014, 015, 016, 017 
02.00 Services to agriculture 020 
03.00 Forestry and logging 050 
04.00 Fishing, trapping and hunting 041, 042 

10 Mining 

11.01 Iron 1104 
11.02 Other metallic minerals 110 (exct. 1104) 
12.00 Cosl and crude petroleum 120, 130 
14.00 Non-metallic n.e.c. 140, lSO 
16.00 Services to mining l60 

21-22 Fouct, Tobac5l?_ 

21.01 Meat products 211 
21.02 Milk products 212 
21.03 Pruit and vegetable products 213 
21.04 Margarine, oih and fats 214 
21.0S Flour mill and c~real food 215 

product., 
21.06 Bread, cakes, and bbcuits 216 
21.07 Confectionery ,.nd cocoa products 2181 
21.08 Food products n.e.c. 2182, 2183, 2184, 217 

(including fish and sugar) 
21.09 Soft drinks, cordial5 and syrups 2191 
21.10 Beer and malt 2192, 2193 
21.11 Alcholic beverages n.e.c. 2194. 2195 
22.01 Tobacco products 2210 

23-24 Textile and C!othing 

23.01 Prepared fibres (cotton ginning, 2311 to 2313 
wool !couring, top-aaking) 

23.02 Man-made fibret, yarns 
fabrics 

and 2314, 2315 

23.03 Cotton, silk and flax yarnz, 2316, 2319, 2322 
fabricm and household textiles 

2:f. 04 Wool and worsted Ylll'DI and 2317, 2Sll 
fabrics 

23.05 Textile finishing 2321 
23.06 Textile floor covering, folt 2331,2332 

and felt products 
23.07 Textile products n.o.c. (Incl. 2333-233S 

canvas» rope. etc.) 
24.01 Knitting mills 241 
24.02 Clothing 242 
24.03 Pootwear 243 
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25 Wood 

2S.01 Sawmill products 2511, 2512, 251S 
2S.0,2 Plywood, veneers and manufactured 2513 

boards 
25.03 Joinery and wood products n.e .c. 2514, 2516 
25.04 Furniture, mattresses, brooms 252, 3443 

and brushes 

26 Paper 

26.01 Pulp, paper and paperboard 2611 
26.02 Pibreboard and paper containers 2612-2614 
26.03 , ,aper pr~uct1 n.e.c. 2615 
26.04 Newspapers and books 2621 
26.05 Coaercial and job prlntin1 2622, 2623 

and printing trade services 

27 Ch•icals 

27.01 Chmical ·fertilisers 2711 
27.02 Jnclu1trial ch•1cals n., .c. 2712-'271S 

(plastic materials, synthetic 
resins, industrial gases, 
synthetic rubber, other basic 
chemicals) 

27.0S Paints, varnishes and lacquers 2722 
27.04 Pharmaceutical and veterinary 2723, 2724 

products, agricultural chemicals 
27.05 Soap and other detergents 2725 
27.06 Co,meti~ and toilet 2726 

preparations 
27.07 Chemical product, n.e.c. (incl. 2721, 2727, 2728 

ammunition, explosives and 
fireworks) 

27.0S Petrolem and coal products 273, 274 

28 Non-metallic Mineral Products 

28.01 Glus and glass p:rod1Jcts 281 
28.02 Clay products 282 
28.03 Cettent 2831 
28.04 Ready-mixed concrete 2832 
28.0S Concrete products 2833, 2834, 283S 
28.06 Gypsum, plastex snd othe~ non- 2s41 .. 2s43 

Mtallic mineral products 

29,31 f.fetal,, Metal Products ·-
29.01 Basic iron and steel 291 
29.02 Non-ferrous metal basic products 292-29S 
31.01 Fabricated structural metal 311 

products 
:n.02 Metal containers, the•t metal 312 

products 
31.03 cutlery and hand tools, metal 313 

coating and finishing and 
metal products n.e.c. 
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32 Transport E9uipment 

33 

34 

32. 01 Motor vehicles and parts and 
transport equipment n.e.c. 

32.02 Ship and boat huildini 
and repair 

32.03 Locomotives, rolling stock 
and repair 

32. 04 Aircraft building and 1·~pair 

Machine!}': and Household_Appliances 

33.01 Photographic. scientific 
equipment etc. 

33.02 Television sets, radios, 
communication and electronic 
equipment n.e.c. 

33.03 Household appliances n.e.c. 
33.04 Electrical machinery and 

equipment n.e.c. 
33.05 Agricultural machinery nnd 

equipment 
33.06 Construction, earthmoving and 

materials handling machinery 
and equipment 

33.07 Other machinery and equipment 

Leathert Rubber and Plastic Pr"ducts 

321, 3225 

3221. 3222 

3223 

3224 

331 

3321 

3322, 3323 

3324-3326 
3331 

3332, 3333 

3334-3339 

34.01 Leather tanningy leather and 341 

34.02 
34.03 
34.04 

34.05 

leather substitute products n.~.c. 
Rubber products 342 
Plastic and related products 343 
Signs. advertising displays, 3444, 3446 

writing and marking equipment 
Ophthalmic articles, jewellery, 3441, 3442, 3445, 3447 

silverware and other 
manufacturing 

36,37 Electricity, Gas and Water 

36.0l Electricity generation and 361 
distribution 

36.02 Gas production and distribution 362 
37.01 Water. sewerage and drainage 370 

41.42 B~ilding and Construction 

41.01 
41.02 

Residential buildings 
Other building and construction 

411 (part), 42 (part) 
411 (pnrt), 412, 42 (part) 

45-46 ~, Transport, Storage and Communication 

46.01 
48.01 
4(L02 
48.03 
51.01 
S2.01 

S3.01 
54.01 
SS.01 

Wholesale trade 
Retail trade 
Motor vehicle repairs 
Other repairs 
Road transport 
Railway transport, oth~r 

transport an<l storage 
Water transport 
Air transport 
Communication 

46-47 (excl.r~pairs) 
48 (excl.repairs) 
Re-definitions 
Re-definitions 
51 
52, 55 

5l 
54 
56 
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61-63 Finance etc. 

61.01 
61,02 
61.03 
61.04 

61.05 

61.06 

Banking 
Finance and life insurance 
Other insurance 
Investment, real estate and 

leasing 
Technical and other business 

services 
OWnership of dwellings 

611 
612, 621 
622 
613, 631, 632 (part), 636 

6.'.B-635 

632 (part} and imputed rent 

71-94 Public Administration, Community ServicesL 
Bntertaimnent etc. 

99 

71.01 
12.01 
81.01 
82.01 
83.01 

91.01 

92.01 
93.01 

Public administration 
Defence 
Health 
Education, libraries, etc. 
Welfare services, religious 

and community organisation~ 
Entertainment and 

recreational services 
Restaurants, hotels and clubs 
Personal services 

Business Expenses 

99.01 Business expenses 

71, 8451-3 
72 
81 
82 
83, 841 (part)t 842, 843, 
844, 8454 
qi 

921, 922 
93, 94 

Dummy industry, 
No ASIC equivalent 

l 

'\. 
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Sector Classification 

Rural Re_g_ions Metropolitan _Region and State 

1. Animal Industries l. Animal industries 

2. Other primary industries 2A. Other agriculture, Forestry 

28. Fishing 

3. Mining 3. Mining 

4. Manufacturing 4A. Food manufacturing 

) 

National Sectors Included 

·01 .01 
01.03 
01.04 

01.02 
01.05 
01.06 
02.00 
03.00 

Sheep 
Meat cattle 
Milk cattle and pigs 

Cereal grains 
Poultry 
Other fanning 
Services to agriculture 
Forestry and logging 

04.00 Fishing, trapping and 
htmting 

12.00 Coal and crude petroleum 

11.01 
11.02 
14.00 
16.00 

21.01 
21.02 
21.03 
21.04 
21.05 

21.06 
21.07 

21.08 

21.09 

21.10 
21.11 
2: . 01 

mining 
Iron 
Other metallic minerals 
Non-metallic n.e.c. 
Services to mining 

Meat products 
Milk products 
Fruit and vegetable product s 
Margarines, oils and fats 
Flour mill and cereal food 

products 
Bread, cakes and biscuits 
Confectionary and cocoa 

products 
Food products n.e.c. 

(including fish and sugar) 
Soft drinks , cordials and 

s yrups 
Beer and malt 
Alcohol ic beverages n.e.c. 
Tob acco pro ducts 

00 
1'.1-1 



Rural Re_gions Metropolitan Region and State 

48. Wood and paper manufacturing 

4C. Machinery, appliances, equipment 

.J .) 

National Sectors Included 

25.01 
25.02 

25.03 

25.04 

26.01 
26.02 
26.03 
26.04 
26.05 

32.01 

32.02 

32.03 

32.04 
33.01 

33. 02 

33.03 
33.04 

33.05 

33.06 

33 . 07 

Sawmi 11 products 
Plywood, veneers and 

manufactured boards 
Joinery and wood products 

n.e.c. 
Furniture, mattress es_, brooms 

and brushes 
Pulp, paper and paperboard 
Fibreboard and paper containers 
Paper products n.e.c. 
Newspapers and books 
Commercial and job printing 

and printing trade services 

Motor vehicles and parts and 
transport equipment n.e.c. 

Ship and boat building and 
repair 

Locomotives, rolling stock 
and repair 

Aircraft building and repair 
Photographic, scientific 

equipment etc. 
Television sets, radios, 

communication and 
electronic equipment n.e . c. 

Household appliances n.e.c. 
Electrical machinery and 

equipment n.e.c. 
Agricultural machinery and 

equipment 
Construction , earthmoving and 

materials handling machinery 
and equipment 

Other machinery and equipment 

00 .,. . 

J 



Rural Re_&ions Metropolitan Region and State 

4DE. Metals, metal products, non-metallic 
mineral products 

4F. Other Manufacturing 

) 

National Sectors Included 

28.01 
28.02 
28.03 
28.04 
28.05 
28.06 

29.01 
29.02 

31.01 

31.02 

31.03 

Glass and glass products 
Clay products 
Cement 
Ready-mixed con~rete 
Concrete products 
Gypsum, plaster and other 

non-metallic mineral 
products 

Basic iron and steel 
Non-ferrous metal basic 

products 
Fabricated structural metal 

products 
Metal containers, sheet metal 

products 
Cutlery and hand tools, metal 

coating and finishing and 
metal products n.e.c. 

23.01 Prepared fibres (cotton 
ginning, wool scouring, 
top-making) 

23.02 Man-made fibres, yarns and 
fabrics 

23.03 Cotton, silk and flax ya1ns, 
fabrics and household 
textiles 

23.04 

23.05 
23.06 

23.07 

24.01 
24.02 
24 . 03 
27. 01 

Wool and worsted yarns and 
fabrics 

Textile finishing 
Textile floor covering, felt 

and felt products 
Textile products n.e.c. 

(inc. canvas, rope, etc.) 
Knitti n g mills 
Clothing 
Footwear 
Chemical fertilisers 

00 
V1 



Rural Re~ions Metropolitan Region and State 

5. Electricity, gas and water 5. Electricity, gas and water 

6. Buildir.g and construction 6. Building and construction 

J J .) 

National Sectors Included 

27.02 

27.03 
27 .04 

27 .05 
27 .06 

27.07 

27 .08 
34.01 

34.02 
34.03 
34.04 

34.05 

27 .01 
36.01 

36 .02 

41.01 
41.02 

Industrial chemicals n.e.c. 
(plastic materials, synthetic 
resins, industrial gases, 
synthetic rubber, other 
basic chemicals) 

Paints, varnishes and lacquers 
Pharmaceutical and veterinary 

produc.ts, agricultural 
chemicals) 

Soap and other detergents 
Cosmetic and toilet 

preparations 
Chemical products n.e.c. 

(inc. ammunition, explosives 
and fireworks} 

Petrol~um and coal products 
Leather tanning, leather and 

leather substitute products 
n.e.c. 

Rubber products 
Plastic and related products 
Signs, advertising displays, 

writing and marking equipment 
Ophthalmic articles, jewel J.ery, 

silverware and other 
manufacturing 

Water, sewerage and drainage 
Electricity generation and 

distribution 
Gas production and 

distribution 

Residential buildings 
Other building and construction 

) 

c.o 
0\ 



Rural Reg_ions Metropolitan Region and State 

7. Trade 7. Trade 

8. Transport and communication 8. Transport and commu.qication 

9. Finance 9. Finance 

10. Public administration and 10. Public administration and defence 
defence 

11. Commwtity services, 11. Community services, entertainment 
en te rt ainmen t 

National Sectors Included 

46.01 
48.01 
48.02 

· 48.03 

51.01 
52.01 

53.01 
54.01 
55.01 

61.01 
61.02 
61.03 
61.04 

61.05 

61.06 

71.01 
71.02 

81.01 
82.01 
83.01 

91.01 

92.01 
93.01 

Wholesale trade 
Retail trade 
Motor vehicle repairs 
Other repairs 

Road transport 
Railway transport, other 

transport and storage 
Water transport 
Air transport 
Communication 

Banking 
Finance and life insurance 
Other insurance 
Investment, real estate and 

leasing 
Technical and other business 

services 
Ownership of dwellings 

Public administration 
Defence 

Health 
Education, libraries, etc. 
Welfare services, religious 

and community organisations 
Entertainment and recreational 

services 
Restaurants, hotels and clubs 
Personal services 

00 
·-.I . 
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APPENDIX III 

TECHNICAL APPEND! X 

Australian Input-Output Table 

After consultations with the Australian Bureau of Statistics (ABS) 

Input-Output Section, the latest nation~l table that could be made avai labl e 

was the 1974-75 preliminary 109 sector absorption matrix. Input is by 

industry and final demand category and output by commodity group, with 

transactions measured in basic values, indirect allocation of competing 

imports, and recording intra-industry flows. 

This provided the study tea.~ with a dilemna. The methodology 

required the national table to be in the form of industry by industry, in 

basic values, and with direct allocation of imports. Several alternatives 

presented themselves: 

(i) The 1968-69 national input-output table could be used. This 

was the least appropriate alternative. 

(ii) The 1968-69 national table could be updated to the 1974-75 

output figures by applying an RAS based technique. Although 

this is part of the procedure used by the ABS in their updates, 

it was not considered appropriate in this case as the research 

team lacked substantial superior data to account for the many 

structural shifts in the economy during the period 1968- 69 to 

1974-75. 

(iii) The 1974-75 preliminary table could be modified to convert it 

to an industry by industry and direct allocation of imports basis. 

Although the study team expresses reservations about the 

suitability of any of the above options, it was eventually decided to opt 

for the modification of the 19i4-7S table. The conversion tc industry by 
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industry format was accomplished by the use of superior data and estimates : 

where available, using the breakdown of the difference ·between total 

commodity supply and industry supply supplied with the preliminary table, 

and the make matrix of the 1968-69 table where it appeared appropriate. 

To reconcile any remaining differences, an RAS procedure was applied to 

the altered table, but this produced some unacceptable changes in many 

coefficients that were considered accurate. As the remaining differences 

between total outputs and inputs were minimal (all less than one percent), 

the RAS procedure was dropped. 

The next step was to convert the table to direct allocation of 

t . . t 1 compe 1ng 1mpor s. Imports are said to be directly allocated when 

recorded in the table as an import to the sector which uses them, and 

indirectly allocated when recorded as an import to the sector producing 

similar conuncdities. i.e. that sector which would have produced the 

commodities if local production occurred. 

When competing imports are indirectly allocated they are 

usually explicitly assigned in the table as an addition to the output of 

the sector indirectly importing them; when allocated directly they are 

incorporated as a direct cost to the sector consuming the commodity. Each 

intermediate cell of the transactions table includes both locally produced 

and competitively imported commodities with indirect allocation, and only 

the former with direct allocation. Thus with indirect allocation, competing 

imports are counted twice. both explicitly as an import by the 'indirect' 

sector and implicitly in the value of the commodities distributed from that 

sector, whereas with direct allocation they are counted only once. It also 

follows that with indirect allocation sector output totals for each sector 

are explicitly inclusive of competitive imports, for distribution to 

1. See Jensen, R.C., 'Some Accounting Procedures and their Effects on 
Input-Output Multipliers'. Annals of Regional Science, forthcoming. 

..... 
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other sectors, but also inclusive of competing imports for use by 

that sector. 

It is necessary, therefore, to identify within each cell that 

c.omponent representing competing imports indirectly allocated th1·ough 

sector i, i.e. 

where 

If M. -= 
l. 

then M. 
1 

I x .. 
lJ 

x'.. = X .. + m •. 
lJ lJ 1J 

= transactions with indirect allocation of competing imports, 

X.. = transactions with direct allocation of competing imports, and 
. lJ 

m.. = competing imports indirectly allocated through sector L 
lJ 

E m .. is the total competing imports allocated through sector i, 
j lJ 
must be disaggregated into its components m .. across row i. This 

lJ 

was performed on a proportional basis to the elements of row i. Within 
I 

each column these were swmned to produce M. =rm .. which replaced the 
1 i lJ 

appropriate M. entry in the competitive imports row. The calculated m . . 1 s 
1 l.J 

were subtracted from the transactions with indirect allocatjon to provide 

an estimate of transactions with direct allocation. New output totals 

were then obtained by column addition of the X .. 's. 
IJ 

With respect to the national table used, one additional point 

needs to be Mentioned. The resultant 1974-75 table is a gross table in 

that intrasectoral transactions are recorded, whereas the national table 

used in the original GRIT system was a net table. The resultant regional 

tables are therefore fully gross tables, rather than hybrid gross/net tables. 

Superior Data Collection 

A major characteristic of the GRIT procedure is the utilization 

cf superior data where this is considered appropriate. Subject to the 

format of the available data, superior information can be inserted into 

the system in four stages: 
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(i) disaggregated superior data - where data is available at the 

disaggregated 109 sector regional level. 

(ii) disaggregated/aggregated ata - where data is available in a 

fonn disaggregated by column and aggregated by rows. 

(iii) aggregated superior data - where data is available at the 

non-uniform aggregation level. 

(iv) transactions superior data - where data is available in 

transactions form at the various levels of aggregation. 

The study team utilized all four stages of superior data insertion. 

Superior data was obtained from various sources. Extensive 

consultations occurred between the study team and the various ABS 

departments, both at the regional and national levels. All available 

standard and non-standard publications were perused, and some detailed 

information was obtained in the areas of agriculture, manufacturing, 

retail, mining, and buildi.ng and construction. The major input at the 

disaggregated level were wages and salaries, and where possible these 

were verified from several sources e.g. payroll tax data. 

The study team also consulted with various Northern Territory 

government departments, in order to isolate those industries which are 

peculiar to the region. This resulted in the drawing up of a list 

of industries which were considered not to conform to the national 

'average', and consequently the active seeking out of infonnation about 

these industries. Major firms in these various industry groups were 

surveyed directly in order to obtain representative cost coefficients. 

The areas surveyed included the mining, fishing and electricity industries. 

In addition the Treasury Department supplied detailed breakdown of 

government expenditure in the public authority area. The data thus 

obtained was utilized at both the disaggretated/aggregated and aggregated 

stages of the GRIT procedure. A copy of the questionnaire appears 
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at the end of this appendix. The survey and the subsequent follow 

up was conducted by Northern Territory Chief Minister's Department. 

At the transactions stage of the procedure, various superior 

data sources were utilized. Household consumptions expenditUI·e for the 

state was obtained from the ABS household expenditu~e survey 1975-76, and 

reduced to the sub-territory regional level by the use of location quotients. 

Export data was obtained with the help of interstate trade statistics 

supplied by the ABS. In this study other final demand was obtained as a 

residual. 

Other superi or transactions data was inserted in the light of 

additional infonnation obtained after the preliminary and revised 

preliminary tables were circulated. Members of the various Northern 

Territory government departments were asked to critically evaluate the 

preliminary tables. Anomalies discovered in the course of this evaluation 

occurred primarily in the mining and agricultural sectors and sales to 

final demand and exports in the Northern Territory table. 
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CONFIDE:NTIAL 

1. Name of firm __________________________ _ 

Location of activity in N.T. 

Business address -------------------------

2. Number of persons employed 

3. Total value of output ex factory 

4. Year for which information is ~upplied 
(preferably 1976/77) 

5. Percentage(%) Breakdown of Total Expenditure 

Total of Columns A+ B = 100% 

(1) Manufacturing food, drink, tobacco 

(2) Manufactured wood and paper products 

(3) Machinery,equipment, appliances 
(incl. vehicle parts) 

(4) Other metal products 

(5) Other manufactured products e.g. cement, 
paint, etc. 

(6) Fuels, oils 

(7) Electricity (only if purchased from 
~lectricity authority) 

(8) Building - construction 

(9) Motor vehicle repairs 

Operating Costs_(Ongoings) 

A 

% Spent it1 
N.T. 

B 

% Spent Outside 
N.T. 



94. 

(10) Payments to transport operators 
freight and personnel travel 

(11) Communications (telephone, postage, etc . ) 

(12) Finance: Bank and insurance charges and 
business services 

(13) Payments to Governments for services, 
e.g. water, sewerage, rates, etc . 
(excluding truces) 

(14) Community services, entertainment, 
accommodation expenses, etc. 

(15) Wages, salaries 

(16) Gross operating surplus (including 
interest, dividends, depreciation and 
profits, etc.) 

(17) Other (please specify) 

TOTAL 

Qperat1:,_ng Costs (Ongoings) 

A 

% Spent in 
N.T . 

A 

B 

% Spent Outside 
N.T. 

B 

A+ B = 100% 

I 



Groote Eylandt ~ining Co. P/1 
GROOTE EYLANDT 

Dear Sirs, 
t 

o,1.rc1on crnrn1>.t 
()[PAR1M(Nl OF 111E CH!Ef MH~ ISHH 

DARWIN 

21.9.79 

ECONOMIC ~:;CRVFY OF THE NOR'l'HEHN 'l'Cn!U'l' ORY 

The Department of the Chief Minister, in conjunction with 
the Economics Department, University of Qucensl~nd, is embarking 
on a series of eco~omic studies of the Northern Territory. 

It is expected that the studies will prove invaluable i n 
providing detaile6 information which is essential to.successfu l 
pl clnrd. ;-:g for the economic dev8 lopmc:!1t of the Northe:r.n 'l'errj tcry. 
Information on the Mining Industry in the Northern 'l'erri+..o:ry i s 
an important requirement for the study. 'l'he inf orrna lion rcqu ir i:2·;. 
is indicated int½~ attached quc~tionnaires. 

Every effort wj_ll be made to keep the information conf i dential 
for Northern Territory Government usc-nnly. The lnform~ljun 
obLuined will be: reduced to a "transaction table" whjch will not 
contain the name of any :individual company. A transaction Lab Je 
indicates the relative contributicn of each sector of the econom,· 
in producing the qooc~s anrl services supplied in the Nm·t.her!l , 
Territory. A s?mplc of~ typical transaction table produced f er 
Queensland and its c onstituent regions is appended by way of 
illustration. 

Your co-o?eration in providing the . information sou9ht by l.he 
Northern Territory Government will be apprc~ic.tcd. 

Please do not hesitate to contact Bill Prica {089 8) 60~5) 
{reverse charges) Department of the Chief Mj_ni~tcr, i. f y0u r:ave 
any problems or require any further guidance in supply.inc; the 
informc1~.ion sought in the questionnaires. 

Yours sincerely, 

M.R. 



Note: --

1. 

96. 
TABLE Nl 

CONFlDENTIAI, 

ECONOMIC SURVE'f OF 'l'HE NORTHERN TERRI'l'ORY 

MINING AND ASSOCIATED OPERATIONS 

Please complete a separa~e table for each location and for 
each operation 

Name of firm 

2. Nature of business 

3. Postal address for further contact --·-· --------

4. Name and telephone number of firm's contact ------------

5. Locat:i.on addre~c for this operation 

6. 

7. 

Is the activity at this location continued throughout 
year, or does it operate for only par~ of the year? 
part of the year, please specify the number of months 
which period. 

the 
If for only 
and for 

AS AT ~-.JUNE: 

1977 1978 1979 

Total value of output for this operation• 
$'000 $ 1 000 $'000 ---

----, 

* Total salt•:; or value of goods and servioes produced at this lo:;ation 
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a) 

b) 

c} 

d) 

e} 

f) 

97. 
CONFIDEN'l'lAL 

ECONOMIC STUDY OF THE NORTHERN .TERRITORY 

MINING AND ASSOCIATED OPERNflOtJS 

Note: Please complete a separate table for each location and for 
each operation 

. 
NUMBER OP PERSONS EMPLO'iED AT THIS LOCATION: 

EMPLOYED AS AT 30 JQNE : - -
SKILL CA'fEGORY * 

1977 1978 .. 1979 
- -----

Pull ** Full ** Full ... 
time Other time Other time Othn r 

-
Professional .. - ·------
Sub-professional 

. ·~ 
Skilled 

-- ------~~d,A-
Semi-skilled 

·-"'- ~-·-~-·-
Unskilled 

~ - ··-·-
Total nUJ!lber of 
persons err.ployed ·.1 

The clefinition of skills categories is as follows: 

a. Professional: 

b. Sub-professional: 

c • . Skilled: 

d. Semi-skilled: 

e. Unskilled: 

Personnel w.ith tertiary qualifications in Sciu:lcc, 
Engineering, Economics, etc. who are employed "i1, i.. 

prof_essional capacity or at an executive l eve.J. 

Personnel with tertiary or ether qualificrltior!2 .::-:.d 
e:xpedence ernploy~d in a technical or administrath·c, 
capacity including senior clerical staff 

Personnel with appropriate trade or other qualific
ations and experience, such as carpenters, mechan.i cs 
and mid-range clerical staff 

l'-ersonnel with appropriate training and experience ::. 
as laboratory assistants and plant and-equipment 
operators, junior clerks and clerical assist,.mt s 

Pe.rsonnel with no npecial skills, such as labourE't :-
and cleaners .,: 

** Other •. = less than 40 hours per week 



98. 
CCNFIOENTIAL 

ECONOMIC SURVEY OF THE NORTHERN TERRITORY 

NOTES '110 TABLE M3 

MINING AND ASSOCIATED OPERATIONS 

BREAKDOWN OF 'IOTAL EXPENDITURE 

1. Item 3A - Mining - Metallic - includes beneficiating ores or other 
minerals by crushing, milling, screening, washing, flotation~ 
leaching and calcining, etc. as well as•mining, for example, 
beneficiation of bauxite and production of yellow cake are 
included in mining. Excluded are such processes as bauxite refining 
and copper smelting, which fall into Category 4D - Manufactured 
Metals, Minerals and. Metal Products. P~eliminary smelting of gold 
is, however, included under Item 3A. · 

2. Similarly, Item 3B - Non-metallic mining - includes, for example, 
coal, · but not products such as coke, which are included under 
Item Sf 0~8. 

3. For the purposes of allocating costs pleage treat exploration, 
developnent, mining and processing as separate enterprisesw 

4. Electricity and water supply costs should be allocated to othex 
sectors in Table M3 where electricity is provided by the enterpris~ 
as an integral part of a single activity. In this case thore 
should be no entry against sector 5 in Table M3. 

5. Expenditure on the electricity supplyt and where applicable on other 
services such as water supply should be allocated to each activity 
in cases where supply is maintained to more than one activity such as 
bauxite mining and alumina smelting. In this case, please enter t.he 
cost of electricity to each of your activities to sector 5 in Table M3, 
electricity and water, in the breakdown of capital and operating costs 
for each of your activities. Please also complete t.~e separate set of 
tables for electricity supply. 

6. 1-'lease estimate where information on costs is not available to the 
e~tent sought in the-tables, and clearly indicate which is estimated 
data. 

7. It is not expected that all columns for each sector will be completed. 
Please allocate costs only to those sectors appropriate to the costs 
inpurred in manufacturing your firm/organisation's product or in 
providing services. 

8. ,Sector classifications ~ccord with the Australian Stardard Industrial 
Classifications used by the Australian Bureau of Statistics. These 
should be adhered to in allocating costs so as to maintain uniforlility 
with information obtained from other sources. 

I 

,· 



LOCATION --------· 

SECTORS ----· 
Please enter payments to following 

sr~ctors 

CONFIDENTIAL 

ECONOMIC SURVEY OF THE NORTHERN TERRITORY 

MINING ANO ASSOCIATED OPERATIONS YF.J\R --------
BREAKDOWN O.F TOTAL COSTS 

I .,, Processing I New development Mining_ ' New development I 
I Exploration Cap_ttal Works Current Costs c ,J.rr~nt Costs 
SpPnt in Spent Spent in Spent Spent in Spent Spent in Spent Spent in S'z:•::nt 

N.T. Outside N.T. Ot1tside N.T. Outside N.T. 01Jtside N.T. Om:side 

1-----------------------+----,:::.S_•~o:::!;o~o_N_' ._T_---+---i~~L--N..::·_:T..::·+--~$W N. T. N. T. f QOO N. T 

1. Animal industries 

2. Other primary industries 

3, Mining 
a) Me.tallic 
b) Non-metallic 

4. !-lanufactured 
Q) Food, drink, tobacco 
b) Wood & paper products 
c) Machinery, equipment 

appli~nces (incl.transport 
parts, 

d) Metals, Minerals & Metal 
products 

e) Non-metallic mineral products 
f) Other 

02) Industrial -Chemicals, Paints, 
Varnishes 

oe} Petroleum & coal products (incl 
fuel oils & coke) 

s. Electricity, water, sewerage & 
drainage (only if purchased from an 
external suppker or provided by the 
enterprise to more than one activity) ... 

6. Buildi ng - construction 

7. Mo tor vehicle repairs 

• 

·.o 
ID 



- -

CCNFIDENT:AL T,\.BIB :-u 
(contir.t:t.::.:; 

ECONOMIC SURVEY OF THE NORT"riERN TER..~ITORY 

LOCAT!0N MINING AND ASSOCIATED 0PER.~TI0NS YEAR 
j 

BREAKDOWN OF TOTAL COSTS 

- : .. Processing ' ., SEC'.i'ORS New development Mining_ New development I e.'ise enter payments to following · Explor~ Ca_eital Works Current Costs Current Costs 
sectors Spent in Spent Spent in Spent Spent in Spent Spent in Spent Sp~nt in spent 

' N.T. Outside N.T. O.1tside N.T. Outside N.T. outside N. T. Outside 

$'000 N.T. S 'O 1n N. T. S'OOO N.T. ~ ft'H"ln 
N.T. s•ooo N.T -

l Payments to transport operators l 
freight and personal travel I 

2 Communications ( telephone . I 
I 

postage'-· etc.) 
I 

I 
Fi nance: Bank & Insurance 
charges & business services ,..., 

\ =, 
I 

Payments to Governments for - . 

I 
services .(excl. taxes, etc.) .. 

I Not elsewhere included 
I 

12 Community & personal services, · 
I e ntertainment, accommodation 

l I e;.:~enses, etc .} i 

I 
V.d']eS, salaries I 

I 
Gross operating surplus (incl. •· 

interest , dividends, depreciation ' 

& profits, etc. ) I 
I I i' 

Oti-: c:! !'." :please specify} 
I I I .. 

I 
t 

I I I I I J I 

I ' 
! ' I I - --L- -- ..I..-----•·-

' 
; ' . I ! i 

j 

I i I I . I 
I 

I I • 
I I I t, ' I I 

I 
I I I I 

I 
{ - :.J)T,'\ L J I I r - ! I .J . .) ' ) i I . I 

I 

-I ".J i ,) , I l 
I I j JI i' J I 'J I ' 
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1. 

2. 

101. 
CONFJDF.NTIJ\1 TJ\BIJ.:: El 

.. _. •. ,..,.,.,'-'--. ..... a ot.-.:- ·-'"c.-s..-- .. ~ -·,.,_:.0-~ • .....,. .~~:~~1 

' 
ECONOM lC STUDY OF THE NOH.THERN TERRITORY 

ELtCTRICITY SUPPLY 

These tables should only be completed where your organisation produces 
electricity for multiple use, at this location, e.g. mining and 
processing or education and domestic~use, or for sale to a separate 

. t • organisation. 

Name of firm/authority _______ " ____ _ 
Postal address for further contact -- - ·- -----------

3. Name and telephone of firm's contact --------------------

4. Location address for this operation~-------

5. Please list each activity or business supplied with electricity from 

this source1'* ---------------------------- ------

6. Is the activity c.1t this location continued throughout the full year, or 
does it operate for only part of the year? If only for part of the year 
please specify the number of months and for which period 

7. j 

YEAR ENDING 30 JUNE 
1977____ 1978 1979 

$'000 
a) Total value of electricity distributed 

·Please complete separate tables for each location and for each 
operation. 

a 
Item 5 does not apply to the Northern Territory Electricity Commission. 



ECONOMIC STUDY Ol-' THE •NORTHERN TERR) TORY 

ELECTRICITY SUPPL,! 

Note: Please ~omplete a separate table for each location and for 
each operation 

.• 

NUMBER OF PERSONS EMPLOYED AT THIS LOCATION: 

i 

I EMPLOYED AS AT 30 JUHE i -· . 

SKILL CATEGORY 1977 1978 . 1979 * _.:,,-,-·· 
Full •• Pull ... Full 1u, 

time Other time Other time Olhe!" ---
a) Professional .. 

b) Suh-professional 
·-

c) Skilled .. _ .. . --i--- ·-· 
d) Semi-skilled . - -
e) Unskilled 

- - ·- . --· 
f) 'l'otal nUll'.ber of 

persons employed .. . 
I . 

• The definition of skills categories is as follows: ,. 

a. Professional: 

b. Sub-profession&l: 

c. Skilled: 

d.· Semi-skilled; 

e. Unskilled: -

Personnel with tertiary q~alifica•ions in Scie:i.;€, 
Engineering, Economics, ~tea who are employed ~n a 
professional capacity or at an executive level 

Personnel with tertiary or other qualifica~ions and 
experience employed in a technical or administrativ~ 
capacity including senior clerical staff 

Personnel with appropriate trade or other qualific
ations and experience, such 6s carpenters, mechanics 
and mid-range clerical staff 

Personnel with appropriate training and experiem:e:. !: 

as laboratory assistants and plant and~aquipl'llent 
..eoperators, junior clerks and clerical assistants 

Personnel with no special skills, such as :;a1>ou.r.:~r:s 
and c;eaners 

•• Other -= les_s than 40 hours per week 

' 
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CONFIDEN'l'IAL 

ECOl\'OMIC STUDY OF THE NORTHERN TERRITORY 

NOTES 'l'O TABLES E 3 A ND E4 

ELECTRICITY SUF~LY 

BREAKDOWN OF TOTAL EXPENDITURE 

1. Electricity producti9n costs should be allocated to appropriate 
sectors where electricity is provided by the enterprise to a 
singl_e activity. In this case, do not complete these tabJ.es 
for electricity supply. 

2. Only complete these tables when electricity is supplied to 
more than one activity such as Bauxite Mining and Alumina 
Production, or supplied to consumers other than your own 
enterprise. The electricity suppl}! should then be treated as a 
separate entity and the breakdown in total expenditure for 
electricity supply should be entered in the appropriate sectors 
in these tables. 

3. Also costs of supply should be allocated to and entered against 
sector 5, electricity supply in the "Mining and Associated 
Operations" tables, for example, for each of .your enterprises 
which are supplied with electricity from this source. 

4. Please estimate, where information of costs is notavailable 
to the extent sought in the tables, and clearly indicate which is 
estimated data. 

S. It is not expected that all columns for each sector will be 
completed. Please allocate costs only against those sectors 
-"ppropriate to the costs incurred in manufacturing your 
firm/organisati·:m' s product or in providing service • . 

6. Sector classifications accord with the Australian Standard 
Industrial Classifications used by the Australian Bureau of 
Statistics. 'lhese should be adhered to in allocating your costs 
so as to maintain unifonnity with information obtained from other 
sources. 



CONf'IOENTil\L 1 (l,t • 

ECONOMIC STUDY OF' THE NOHTHERN TERRITORY 

BREAKDOWN OF CURRENT PRODUCTION COSTS 1 

ELECTRICITY SUPPLY 

LOCATION: YEAR 

Sr:CTORS 

lease er,ter payments to following 
sectors 

'- . Animal Industries 

~. Other Primary Indust.ries 

Mining 
a) Metallic 

! '. 

b) Non-metallic 

Manufactured 

a) Food,drink,tobacco 
b} Wood & paper products 
c) Machinery, equipment, 

appliances (incl. 
transport parts) 

d) Metals, Minerals & 

Metal Products 
e) Non-metallic mineral 

products 
f) Other 

02) Industrial chemicals, 
Paints, Varnishes 

08) Petroleum & coal 
products including 
fuel, oils & coke. 

Electricity, Water & Gas, 
only if purchased from an 
external supplier or 
provided by the enterprise 
to more than nne activity 

Building - construction 

1. Motor vehicle repairs 

• .• 1 Payments to transport 
operators - freight and 
personnel travel 

·1.2 Communications, (telephone, 
postage, etc.) 

I • I'inance: Dank & iusurance 
charges & business services 

O. Payments to Governments for 
~~rvices (excluding taxes, 
etc.) Not elsewhere 
included. 

GENERATION 
Spent in 

N.T. 
Spent' 

Outside 
N.T. 

$'000 

-~ DISTRiBUTION 
pent in Spent 
N.T. Outside 

N.T. 
$'000 

---------
RETICUI.J,TION ""'I 

Spent in 
N.T. 

Spent 
Outsili2 

N. 'l'. 
s•ono 

J 



CONFIDE?l'l'IAL 105. 

. . 
ECO!-JOMIJ STUD! OF f THE NORTHtRN TERRITORY 

BNEAKDOWN OF CURRENT PRODUCTION rosTS 

ELECTRICITY SUPPLY 

TABLE r.3 

(conti n11Gd} . 

LOCATIO~: YEAR 
~--

GENERATION . DISTRIBUTION RETICULATION 
'$pent -

SECTORS • Spent in Spent in Spent Spent in Spent 
N.T .. Outside N.T. outside N.T. OutsidE Please enter payments to following N.T., N.T. NeT. sectors $' :>OO $'ODO $'000 

' . 
11/12 Community & personal 

services, entertainment, 
accommodation, expenses \ 

etc. 

'"" J.3. Wages, salaries 

14 • . Gross operating surplus 
(incl. interest, dividends, ., i depreciation and profits, 
etc.) ~ 

•. 

J.5. Other (please specify) ' l 
l 

""" 
: 

. 

'. 

I 

( 

• 
-

""\ 

. 

. 
. 

• 

' 
I 

. 
' 

~ --
I 

TOTAL . 



10,. 
cor-;r:rDENTIAL 

i ECOUOMIC ( STUDY OF m NORTHERJl TERRITORY 
~ . -

' 

BRBM<DOWN OF CAPITAL COSTS - -
EJ..ECTRICITY SUPPLY 

.. TAEl,E F.~ 

LOCATION: 
YEAR 

GENERATION~ DISTRIBUTION 

SECTORS . Spent it, Spent :Spent in 
outside N.T. 

Spent 
outside Please enter payments to following 

sectors 

1. Animal Industries 

2. Other Primary Industries 

3. Mining 

4. 

a} Metallic 
b) Non-metallic 

Manufactured ~, Food, drink, tobacco 
b) Wood & paper products 
c) Machinery, equipment 

appliances (incl. 
transport parts} 

d) Metals, Minerals & 

Metal Products 
e) Non-metallic mineral 

products 
f) Other 

j 

02} Industrial chemicals 
Paints, Varnishes 

08) Petroleum & CQal 
products including 

/ ,fuel, oils & coke 

s. Electricity, Water & Gas, 
only if purchased fran an 
external ~upplier or 
provided by the enter.prise 
to more than one activity 

6. Building - construction 

7. Motor vehicle repairs 

8.1 Payments to transport 
operators - freight and 
personnel travel 

8.2 Communications (telephone 
postage, etc.) 

9. Finance: Bank & insurance 
charges & business serv~es 

10. Payments to Governments 
for services (exclu~ing 
taxes, etc.) 

N.T .. 

. 

! N.T. 
$' poo 

•. 

' 
' 

I 

N.T. 
$'ODO 

I 

-- -,-------
RETICULATil,:-" 

Spent in 
N.T. 

Spent 
Ont1::i 

N.T. 
$'000 

l 

. , 

I I 

l 
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BCONOMIC STUDY OF THE NORTH~RN TERRITORY (continurd) 

BREAKDOWN OF CA1>ITAL COS'l'S 

ELECTRICITY SUPPLY 

LOCATION: ·---.... .) 
YEAR - - -! -r-~--.. --. 

GENERATION DISTRIBUTION RETICUL!',TirnJ 
Spent in Spent· ·spent in Spent Spent in .Svent SECTORS -I N.T. Outside N.T. outside N.T. Outs i•1 •lease enter payments to following N.T. N.T. N.T. sectors $ 1 )00 $ 1 0:>0 s•ooo 

I"\ 11/12 Community & personal 
~ 

I services, entertainment 
I 

accommodation, rxpenses, 
etc. . 

13. Wages, salaries 

14. Gross operating surplus 
(incl. interest, 
dividends, depreciation 
and profits, etc.) 

I "'I 15. Other (please specify) . 

I 
I 
I 
' 

1, 
i I 

, 
f 

' 

I -

. 
h 

I 

i---i 

( 

~ 

I") 
TOTAL ·-

-

-



.,;3t.E 7 .12 

l 

2 

s 
4 

s 
6 

7 

8 

9 

10 

11 

.. 

·-
olds 

.. 

~ 

-

ELE~-SE(."I'O~_~'l$~CTIONS TABLE : QUEENSLAND, 1973,:74,. (,000) 

l 2 3 4 s 6 7 8 9 

0 0 o·3i2095 0 3 0 l 0 

41S01 61382 11322 3118 77 120 23 1 1588 0 

1 111 14804 67588 13766 11884 1645 2196 21 
60i69 72830 8S791 420063 9253 334401 37132 75589 3130 

61S1 9741 25764 16326 6411 47j3 9633 5793 32798 

7461 8102 7540 .?412:S 13642 0 . 1502,t 4.SS67 28008 

21512 29699 47977 136475 4674 99St5 41S21 :i1S9-3 43209 

10485 20670 29268 138035 13708 40517 38181 14232 9542 

221 660 19923 32921 829 2750 105563 5745 S9842 

0 0 11 · 163 9 0 . 2 14 0 

1446 29 476 1644 124 103 2360 1S14 1261 

28669 77514 85392 621261 75983 325614 427912 2667!.l 323647 Hot.:Seh 

0thi!r 
AdJ~d 

Value · 303288 345281 205746 420407 154542 136021348767193972 324300 
. 

I:nport s 2400S 31497 122359 415050 3S2S 136209 88674 83742 28543 
-

Total 505S29 6S7516 656873 2948028 ~969a6 1091823 lll6~16 722057 SS43Cl -

• 
10 · 11 House- Other . holds Final 

Ocraand --. --. 
0 0 10111 0 

9 174 140640 0 

6.1 1063 0 0 

42875 28133 848860 89780 

. 6236 30219 87448 25673 

44375 15683 24136 8S7362 

3606 28104 625S40 0 

5725 5041 180S14 174734 

11708 9295 324634 'O 
. 

0 l · 8381 410~64 

4404 853 290400 270869 

249265 326882 0 0 

5371 124989 0 0 .. 
45410 44475 908881 0 

419045 614912 · 3449545 1828902 

Exports Total -...,. 

183319 , 5O5S29 
• 

88879 657516 
..,_._,_ 

543733 656873 

839402 2948028 

0 296986 

0 L.1091S23 

0 1116416 

41405 722057 , 

280210 854301 : 
,-- ., .... ~ . ...-~ I 

0 419045. i . 
39409 614912 f 

0 2798350 

0 2562684 

o I 1933210· l 
.. 1 

201635i J 
I 

- ! 
... .1 

>
r:;. 

} 

: 
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APPENDIX IV 

SOME REFLECTIONS ON INPtrr-OtrrPUT MULTIPLIERS 

G.R. West and R.C. Jensen 

University of Queensland 

ABSTRACT 

It is possible to identify some important inconsistencies 

in the definition of the components of input-output multipliers 

derived in the conventional manner. This paper identifies these 

inconsistencies which occur in output, income and employment multipliers, 

with the result that valid comparison of direct and indirect effects 

between multipliers is not possible. A suggest ed re-definition of 

input-output multi pliers, considered to be f:t.•ee of these inconsistencies, 

is provided and illustrated. 
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This note is concerned with the interpretation of input-output 

multipliers. Over many years and many empi t'ical applications of input-output 

analysis, methods of calculating multipHers have been derived and some have 

been accepted as 'conventional 1 
• They are conventional in that they are 

taken for granted by most analysts, and within certain limits are accorded 

the status of both theoretical and empirjcal legitimacy. Our concern is 

not with the multiplier concepts, nor with the general methods of multiplier 

derivation, but rather with the specific rne.aning of some of the components 

of the multipliers and some apparent inconsistencies in interpretation. 

This note briefly reviews the methods of calculation of the conventional 

input-output multipliers in Part 1; Part 2 illustrates the inconsistencies 

in interpretation in the components of these multipliers. Part :s suggests 

a multiplier format which we believe to be free of these inconsistencies 

a.11d simpler to interpret. 

1. TI-IE CONVENTIONAL MULTIPLIERS 

It is possible from a study of the input-output literature 

(particularly at the regional level) to recognise a conventional concensus 

calculation format and terminology. 1 This conventional format is described 

below in algebraic terms is illustrated using a 3 x 3 simplified table of 

the Queensland economy (Table 1), and its attendant A matrix, defined by 

heavy lines in Table 2. 

Output Multipliers 

The multiplier logic is usually cast in terms of response to 

the stimulus of a dollar increase in output or sales of each sector. 

Because of the linearity conditions, the arguments apply equally to each 

dollar of output or a dollar increase or decrease in output. For simplicity 

1. This is described, for example in the two 'classics' of Cbenery 
and Clark [l] and Miernyk [2] and many other publications. 
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we follow the convention of assuming an increase in output 1 and refer as 

an example to Sector 1. The initial stimulus of a dollar increase in 

output of Sector 1 calls for first round increases in output of a11 ($0.071) 

from Sector 1 (in addition to the dollar stimulus), of a21 ($0.133) from 

Sector 2 and so on. These ail are the separate industry or disaggregated 

first round intersectoral effects. The total first rom1d effect from 

Sector 1 (conventionally termed the cl.irect effect), following the dollar 

stimulus to Sector 1 is E a. 1, (or $0.327). We should note that the 
i 1 

first round effects exclude the initial dollar stimulus. 

-1 Now proceed from the A matrix to the general solution B = (I-A) . 

Each element b .. of B is a multiplier and indicates the direct and indirect lJ 
requirement of sector i per dollar (increase) in sales by sector j to 

final demand. For example, the direct and indirect requirements from 

Sector 1 (Table 3) per dollar (increase) of sales to final demand by 

Sector 1 is $1.116, from Sector 2 is $0.205 and so on} giving a direct 

and indirect output multiplier of E b. 1 of 1.509. Note that this includes 
. 1 
1 

the initial dollar stimulus. The same reasoning applies to the direct, 

indirect and induced output effects taken from the augmented inverse 

-1 B* = (I-A*) (Table 5), obtained after closing A with respect to households 

to obtain A* (Table 4). The total direct, indirect a.'ld induced output 

multipliers, obtained in this three-sector case as 
3 
E b~. are respectively 

lJ i=l 
1.999, 2.625, and 2.395. Note that these multipliers also include the 

original dollar stimulus. The sector output multipliers are shown in the 

conventional fonnat in Table 6; the sectoral incidence of the output 

effects of Sector 1 are shown through disaggregated output multipliers for 

Sector 1, in Table 7. 

Income Multiplie1·s 

Input-output income multipliers are calculated from output 

multipliers i.e. income increases in a sector are assumed to be linearly 
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dependent on output. Income, usually defined as household (!il-1) income i5 

represented via the HH coefficients, jn t he Hll row of Table 4. These 

coefficients are termed the direct income change associated with an increase 

of sales of one dollar to final demand by each sector i . e. $0.105 in the 

case of Sector 1. The direct and indirect (DI) income effects are 

calculated by multiplying the elements of each column of the 8 matrix by 

the corresponding HH coefficient e.g. for Sector 1 the calculation is 

given in Table 8. The b .. h. provide the disaggregated income effect s, 
lJ 1 

and the E b .. h., or sum of these, provides the direct and indirect income 
:i lJ 1 

multiplier, which is parallel in interpretation to the direct and indirect 

output multiplier from which it is obtained. 

The direct, indirect and induced (DII) income multiplier is 

taken in total from the HH row of the augmented inverse (Tnble 5) oi

calculated in a disaggregated form for Sector 1 ln Table 9. 

The b .. * h. are parallel in interpretation to the output elements of t he 
lJ 1 

B* matrix. It is a feature of the input-output matrices that they sum 

to equal the corresponding entry in the HH row of the B* matrix. 

The sector income multipliers for this example are summarised in 

conventional fonn in Table 10. The forma.t is similar to that of the output 

rnul ti pliers in Table 6, ,~xcept that Type I and II multipli ers are added. 

TI1e sectoral incidence of income effects of Sector 1 are illustrated in 

Table 11; note that the direct income effects are restricted to that sector 

which incurred the initial increase of sales of one dollar to final demand. 

2. MULTIPLIER INCONSISTENCY 

Inconsistencies in Output Multipliers 

It would be conventional for the output multipliers in the 

Queensland example to be published in the form similar to that shown in 

Tabfo 6. The total direct effects (Column 1) and the direct and indirect 



effects (Column 4) do not have consistent definitions; the former excludes 

the original dollar stimulus, the latter includes it. The difference, 

which is conventionally termed the indirect effect (Column 2) therefore 

includes the actual indirect or industrial support effects, plns the 

original dollar stimulus. The induced effect obtained from <;olumns (4) 

and (5), excludes the dollar stimulus since both of these columns contain 

the stimulus and it is netted out in subtraction. Clearly, to be 

consistent all three effects should exclude the initial dolla1· effect. 

When considering disaggregated output effects so that the 

sectoral incidence of the stimulus of the j th sector can be identified, 

the above inconsistency is true only for the jth sector. For instance, the 

sectoral incidence of the output stimulus to sector 1 is given in Tab le 7, 

where the original dollar stimulus is included in the first row of 

Column (2). For all other sectors the direct, and direct and indirect 

effects are consistently defined. 

Inconsistencies in Income Multipliers 

As mentioned earlier, income multipliers are effectively 

calculated from output multipliers by mul tipEcatinn of the disaggregated 

output multi pliers by HH coefficients. There is however a major inconsistency 

in the terminology used in output and income multipliers. This inconsistency 

1 ies in the use of the term 'direct' . In the common usage of output 

multirliers the term 'direct' refers to the direct or technical coefficients 

which represent the first round effect on all sectors in the table, in 

response to an initial stimulus of one dollar increase in final demand. 

With income multi pliers the term 'dil·ect' is confined to the HH incotne 

increase in own sector which accompanies the initial stimulus of one dollar 

increase in sales. For the direct income effect to be defined cc,nsistently 

with the use of the term in output multipliers, it would need to represent 

the HH income increases in all sectors, associated with the first rotmd 
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output effect, to be obtained by multiplying first round output effects 

' (a .. ) by the corresponding 1-Uf coefficients (h.). TI1is is shown in 
1) 1 

Table 13 for Sector l; note that these exclude the initial income effect. 

This means in effect that ~lthough the parallel usage of te1-ms has developed, 

the inconsistent definition of these terms has become common practice. 

In effec~ while columns (1) of Tables 6 and 10 are similarly named, they 

have quite different meanings. Similarly, columns (l) of Tables 7 and 11 

are not symmetrical; the single entry in column (1) of Table 11 represents 

the own-sector income effect. 

The inconsistency is compounded when we consider the direct and 

indirect income effects shown in column (4) of Tables 10 and 11. These 

are conventionally obtained, as shown in Table 8, by multiplying the 

elements of each column of matrix B by the appropriate HH coefficient::;, 

The total direct and indirect (DI) income effect from a dollar increase 

in sales by Sector 1 is E bil • hi (0.243), which now includes th~ initi al 

effect (0.105) since the unity is retained on the main diagonal of the B 

matrix during the calculation cf DI effects. The subtraction of the 

conventional direct income effect (own secto:r) from the conventional DI 

income effect (which includes the own-sector, first-round and subsequent 

rotmd effects), provides a., indirect effect (in column (2) of Tables 10 

and 11) which is actually similar in content to the direct and indirect 

effect in output multipliers, by including both first round and subsequent

round effects. Consistency in DI output and income multipliers could be 

obtained only by deleting the unity from the diagonal of B matrix before 

calculating the DI effects. 

The calculation of DII income multipliers, shown in Table 9, 

and the subsequent calculation of induced effects by subtracting DI from 

DII multipliers produces no inconsistencies in definition of induced 

effects between output and income multipliers, provided both are calculated 
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on the same basis, i.e. with the presence or absence of the unity on the 

main diagonal. 

EmploYE?ent Multipliers 
' 

Conventional methods for the calculation of employment multipliers 

are parallel to those for the calculation of focome multipliers. Clearly, 

the inconsistencies noted in the interpretation of income mtlltipliers will 

extend also to employment multipliers. 

3. A CONSISTENT PRESENTA'rION OP INPUT-OUTPUT MULTIPLIERS 

This sect:i on provides a re-definition of input-output multi pliers, 

one which is consistent from output to income multipliers, and which retains 

essence of the conventional multipliers. The discussion below avoids 

use of the terms "direct" and "indirect11 because of the confusion of 

meaning attached to these tenns as evident in Section 2 above. 

A multiplier is essentially a measurement of response to an 

economic stimulus. In the case of input-output multipliers the stimulus 

is normally assumed to be an increase of one dollar in sales to final 

demand by a sector, and we are interested in the major categories of 

response in terms of output aml income increases. Tnese major categories 

of effect/response are listed below and illustrated in Table 12. They are: 

(i) The Initial Effect. 'fhis refers to the assumed dollar 

increase in sales; it is the stimulus. It is the unity base 

for the output multiplier and provides the identity matrix of 

the Leontief matrix. Associated directly with this dollar 

increase in output is an own- S!S~~! increase in HH income in 

wages, salaries etc. used in the production of that dollar of 

output. This is the household coefficient hi ($0.105 for Sector 1). 
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(ii) The First-Rou.~d Effect. This l'efers to the effect of the 

first round of purchases by the sector providing the additional 

dollar of output. Clearly, in the case of the output multiplier 

this wi 11 be a .. as the individual sectoral effect, and the 
]. J 

column sum of the elements of the A matrix, i.e. I: a .. 
. 1J 
1 

as the total first round effects of a dollar increase in sales 

to final demand by sector i. In the case of the income multipliers 

this will be the HH income increases occasioned by the first 

round requirements, i.e. a .. h. for any individual sectoral 
lJ 1 

effect, or r a .. h. for the total effect of sector i. (Table 13) 
i l.J ]. 

(iii) Industrial SupJ!?rt Effect. This term is applied here to 

'second and subsequent round' effects as successive waves of 

necessary output increases occur in the economy following the 

first-round impacts. The term specifically excludes household 

consumption induced effects; it is ca,lculated from the open 

inverse B, as a measure of industrial support requirements 

associated with a given set of first-round effects. The 

industrial support output requirements must be calculated a5 the 

elements of the columns of the B matrix, less the initial dollar 

stimulus and the first-round requirements, i.e. E b .. - 1 - E a ... 
i lJ i lJ 

The income effects for each sector will be defined consistently 

with this, i.e. Eb .. h. - h. - Ea .. h .. The first round and 
i lJ 1 1 i lJ l 

industrial support can together be described as the productio!! 

induced effect to distinguish them from the consumption induced 

effect. 

(iv) The fons~!!!£tion Induced Effect. As mentioned in Section 2, no 

inconsistencies in the definition of the induced effect in 

output and income multipliers were ap.ptnent. The induced 

effect here is therefore defined in the conventional way, 
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namely as that induced by increased income associated with 

int:reased output. This is recorded as the difference between 

the columns of the open inverse B and the closed inverse B* ~ Le. 

as Eb~. - z: b .. for output effects and r. b~. h. lJ lJ~ lJ 1 i i i 
income effects. 

i 

b .. h. for 
l J l 

These effect categories avoid inconsistencies between multipliers 

2 
by defining the income effects symmetrically with output effects. Revised 

output multi pliers for the Queensland example are shown in Tables 14 and 15, 

and revised income multipliers of cons-i.stent definition in Tables 16 and 17. 

These multipliers indicate for example that a dollar increase in sales of 

Sector 1 to final demand results in: 

(i) an initial income increase to the workers/staff/owners in 

Sector l of $0.l0S. 

(ii) a first-round output effect on all sectors of $0. 327 ($0. 071 

in Sector 1, $0.133 in Sector 2, and $0.123 in Sector 3), 

accompanied by a first round income increases of $0.089, being 

$0.007, $0.031, and $0.051 in each sector. 

(iii) industrial ~rt output effect of $0.182 (being $0.045, 

$0.072 and $0.065 in the three sectors), which in turn is 

accompanied by an income increase of $0.049, (being $0.005, 

$0.017 and $0.027 respectively). 

(iv) cons~tion induced output effect of $0.490 ($0.049, $0.173 and 

$0.268 respectively in the sectors) and an accompanying consumption

induced income increase of $0.156, being in each sector $0.005, 

$0.040, and $0.110 respectively. 

2. Ta.bl~ 12 provides opportunity for a useful summary of the inconsistencies 
noted in S•21~tion 2. In terms of the nomenclature of Table 12, the 
convention.::.i system defines the effect as: 

Direct 
Indirect 
Induced 

Output Multi pliers Income Multi pliers 

(ii) 
(i)&(iii) 

(iv) 

(i) 
(ii)&(iii.) 

(iv) 
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Type I and II Multipliers 

The question of Type I and Type II multi pliers deserves attention. 

Tite output multipliers are calculated both in the conventional system and 

the system suggested in this paper, on a 'per unit of initial effect' 

basis - i.e. output responses to a dollar change in output. Income 

multi pliers as described above refer to changes in income per dollar initial 

change in outp~. Income multipliers are conventionally converted to a 

'per tmit' measurement·by the calculation of Type I and II multipliers as: 

Type 1 = Direct & indire·ct effect . Type II 
Direct, indirect & induced effect = ---':.....,,o"""i_r_e_c_t_e""'ff""'e_c_t _____ _ 

Direct effect ' 

Type I and II multipliers therefore measure the DI and DII income effects 

per tmit of income generated within the sector expanding production, on an 

'own-sector' basis, as a result of an increase in sales to final demand. 

The output multipliers and the Type I and II income multipliers the1·efot·e 

have a common structure, measuring a response per unit of initial effect. 

The redefinition of multiplier components to produce consistency 

suggests a re-examination of Type I and II multipliers. Analysts are 

likely to be interested in income generated per unit of initial effect -

in this case it is probably useful to retain the general Type I-Type II 

format, but to distinguish between the first-round. industrial support 

and conslUJlption induced effect in this manner: 

Type IA Income Multiplier = Initial+ First Round effect IF 
Initial effect (I) = T 

Type 18 Income Multiplier Initial+ Production Induced Effect IP -· Initial ef feet (I) = -r 

Type II Income Multi plier =Initial+ Production Induced & Consumption 
Induced Effect 

Initial effects (I) 

These are shown for the Queensland example in Table 18. 

!PC 
= -I-
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CONCLUDING REMARKS 

The· suggested multiplier fonnat has two advantages. First, it 

ensures that the terms used in defining the component effects of multipliers 

are consistently applied in both output and income multipliers; this is 

not a feature of the multi plier format in conventional use. Secondly, 

procedures for income (and employment) multiplier calculation are 

considerably simplified; output effects can simply be multiplied by 

appropriate income (or employment) coefficients to obtain corresponding 

multiplier components. This also is not a feature of the conventional 

format. The system suggested in this paper has replaced the conventional 

format in our input-output studies. 
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TABLE 1: TRA.NSACTIONS TABLE, guEENSLAND, 1973-4 ($m) 

(U 
µ Intermediate Sectors 

Household Other Final 11! 
•l"i Vl 

2 3 Consumption "' ~ 1 
(l) 0 

ft: 1 129.1 703.5 20.6 102.4 
(I) (!) 

2 242.5 778.6 359.2 762.2 ,._)U) 
~ 

3 224.0 503.2 536.7 1434 . 2 ,... 
Households 191..6 946.9 1660 . 4 

Other Primary 
Inputs 1032.7 1107. 6 1446.7 500.1 

Total 1819.9 4039. 8 4023.6 2798. 9 

TABLE 2: DIRECf COEFFICIENTS ~1.'\TRIX, QUEENSLNW, 197 3-4 

1 2 3 

1 .071 .174 .005 
2 .133 .193 .089 
3 .123 .125 .133 

Total 
Intcrmec.l:i s.te .327 .492 .227 

Households .105 . 234 .413 
Other Primary 

Inputs .568 .274 .360 

Total 1.000 1.000 1.000 

TABLE 3: 8 = (I-A)-l, QUEENSLAND, 1973-4 

1 2 3 

1 1.116 .246 .032 
2 .205 1. 304 .136 
3 .188 .222 1.178 

Total 1.509 1. 772 1.346 

TABLE 4: A* MATRIX, CLOSED WITH RESPECT TO IIOUSEllOLDS, 

1 
2 
3 

Households 

TABLE ·s: 

1 
2 
3 

(Total) 
Households 

QUEENSLAND, 1973-4 

1 2 3 Households 
.071 .174 
.133 .193 
.123 .125 
.105 .234 

B* = (T-A*)- 1 , 

1 2 

1.165 .332 
.378 1.604 
.456 .689 

(1,999) (2 .625) 
. 399 .695 

.005 

.089 

.133 

.413 

QUEENSLAND, 

3 

.138 

.sos 
l. 752 

(2.395) 
.856 

.036 

.273 

.512 

1973-4 

Households 

.204 

.710 
1.102 

1.643 

Demand 

864.3 
1897.3 
1325.5 

429.2 

4516.3 

Total 
Output 

1819.9 
4039 . 8 
4023. 6 
2798. 9 

4516.3 

17198. 5 
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TABLE 6: SECTOR OUTPUT MULTIPLIERS, QUEE~SLAND, 1973-4 

Direct (a) Indirect (b) re) Induced' Direct (d.) Direct(e) 
and Indirect 

Indirect Induced 
Sector (1) (2) (3) (4) (5) 

1 . 327 1.182 .490 1.509 1.999 
2 .492 1.280 . 853 I . 772 2,625 
3 .227 1.119 1.049 1. 346 2.39S 

(a) Prom Tabl•.:! ?. 
(b) Column (4) less column (1) 
(c) Column (5) less column (4) 
(d) From Table 3 
(e) Ft'OID Table 5 

TABLE 7: DISAGGREG/\TED OlJfPUT MULTIPLIERS, SECTOR 1, QUEENSLAND, 
1973-4 

Direct(a) Indirect (b) Induced(c) Direct(d) Direct(e) 

a.11d 

and Indirect and 
Indirect Induced 

Sector (1) (2) (3) (4) (5) 

l .Oil 1.045 .049 1.116 1.165 
2 .133 .072 . 173 .205 .378 
3 .123 . 065 • 268 .188 .456 

• 327 1.182 .490 1.509 1.999 

(a) From Table 2 
(b) Column (4) less column (1) 
(c) Column (5) less column (4) 
(d) Prom Table 3 
{e) From Table 5 

TABLE 8: CALCULATION OF DIRECT & INDIRECT INCOME EFFECTS, SECTOR 1 

Sector bil h. bil h. 
l 1 

(1) (2) (3) 

1 1.116 .105 .117 
2 .205 .234 .048 ••••••••• -6 • (1) 
3 . 188 .413 .078 

DI Income Multiplier -= .243 

TABLE 9: CALCULATION OF DIRECT, INDIRECT & INDUCED INCOME EFFECTS, SECTOR 1 

* * Sector bil h. bi! h. 
1 1 

( 1) (2) (3) 

1 1.165 .105 .122 
2 .378 .234 .088 . . .•.. ... -•.. -- (2) 
3 .456 .413 .188 

OIi Income Multiplier~ .398 
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TABLE 10: SECTOR INCOME MULTIPLIERS, QUEENSLAND, 1973~4 

Direct (a) Indirect (b) 
( (') 

Induced.~ Direct (d) Direct(c) Type /f) Type II (g) 

Sector 

1 ,., .. 
3 

TABLE 

Sector 

1 
2 
3 

(1) 

.105 

.234 

.413 

and 
Indirect 

(2) (3) (4) 

.138 .156 .243 

.189 .272 .423 

.103 . 335 .521 

(a) From the Households row of Tables 
(b) Column (4) less column (1) 
(c) Column (5) less colu.'lm (4) 
(d) Calculated as shown in Section 1 

Indirect & 
Induced 

(5) (6) 

.399 2.31 

.695 1.81 

.856 1.26 

2 or 4 

(e) Calculated as shown in Section 1 or taken as the HH row 
of Table 5 

(f) Column (4) divided by colu.~n (1) 
(g) Column (5) divided by column (l) 

11: DISAGGREGATED INCOME MULTIPLIERS, SECTOR 1 QUEENSLAND, 1973-4 ... , 

Direct Indirect (a) Induced(b) Direct anJ Direct, 

(1) 

.105 

.105 

Indirect Indirect 
Induced 

(2) (3) (4) (5) 

.012 .005 .117 .122 

.048 .040 • 048 .088 

.078 .110 .078 .188 

.138 .155 .243 . 398 

(a) Column (3) of Table 8, less column (1) of this table. 
(b) Column (3) of Table 9, less column (3) of Table 8. 

·-

& 

TABLE 12: OlJfPUT AND INCOME EFFECTS OF AN INCREASE IN SALES TO FINAL DE~.AND 

Ou_tEut MultiEliers Income Mul ti£liers 

(7) 

3.80 
2.97 
2.07 

General Case Example General Case ExamEle 
(i) Initial Effect 1 1 h. .105 
Production Induced Effect 1 
(ii) First Round Effect r a .. • 327 E a .. h. • 089 

i lJ i lJ 1 

(iii) Industrial Support 
Effect E b .. -1-r a .. .182 E b .. h. -h. - I: a .. h. .049 

i lJ i lJ i lJ 1 ]. i lJ 1 

(iv) Consumption E b~.-r b .. * .490 r b .. h. -E b .. h. .155 
Induced Effect i lJ i lJ i lJ l 1J 1 

Total I: b~. 1.999 I: b~. h. .398 
i lJ i lJ l 
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TABLE 13: FIRST ROUND INCOME EFFECTS, SECTOR 1, QUEENSLAND, 1973-4 

Sector ail h. a.
1 

h. 

1 
2 
3 

TABLE 

Sector 

1 
2 
3 

1 1. 1 

.071 .105 .007 

.133 . 234 . 031 

.123 .413 . 051 

First Round Income Effect = .089 

14: SECTOR OUTPUT MULTIPLIERS BY FOUR CATEGORIES OF EFFECT, 
QUEENSLAND, 1973-4 

First Rounla) Industrial (b) 
Consumption 

Initial Induced 
Support 

1.000 • 327 .182 .490 
1.000 . 492 . 280 . 853 
1.000 .227 .119 1.049 

(a) from Table 2. 
(b) from Table 2 & 3, using formula (iii) of Table 12. 
(c) from Table 6. 

Total 

1.999 
2.625 
2. 395 

TABLE 15: SECTORAL INCIDENCE OF OUTPtrf MlJLTIPLTERS BY FOUR CATEGORTF.S 
OF EFFECT, SECTOR 1, QUEENSLAND, 1973-4 

'a) 
Consumption 

Sector Initial First Roundl.. Industrial Induced Total 
Support 

1 1.000 .071 .045 . 049 1.165 
2 .133 .072 .173 . 378 
3 .123 .06S . 268 .456 

.,. ____ 
1.000 . 327 . 182 .490 1.999 

(a) from Table 2. 

TABLE 1(,: SECTOR INCOME MULTIPLIERS BY FOUR CATEGORIES OF EFFECT, 
QUEENSLAND, 1973-4 

Consumption 
Sector Initial First Round Industrial Induced Total 

Support 
1 .105 .089 .049 .156 . 399 
2 • 234 .115 .074 . 272 .695 
3 .413 .077 . 032 . 335 . 857 

TABLE 17: SECTORAL INCIDENCE OF INCOME MULTIPLIERS BY FOUR CATEGORIES 
OF EFFECT, SECTOR 1, QUEENSLAND, 1973-4 

Sector Initial First Round Industrial 
Consumption 

Induced Total 
Support 

1 .105 .007 .005 . 005 .122 
2 .031 .017 .040 .088 
3 .051 . 027 .llO .188 

.105 .089 .049 .155 . 398 
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TABLE 18: TYPE I AND TYPE II MULTIPLIERS, QUEENSLAND EXAMPLE 

Conventional Multipliers Suggested Consistent Multipliers 

Type I 
DI Type IA = .!£ :: -
D [ 

Sector 1 2. 31 Sector 1 1.85 
2 1. 81 2 1.49 
3 1.26 3 1. 19 

Type [B = TP 

Sector l 2. 31 
2 1. 81 
3 1.26 

Type II Type II 
TPC 

= I 

Sector 1 3.80 Sector 1 3.80 2 2 .97 
3 2.07 2 2.97 

3 2 .07 
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/\PPENDIX V 

/\ PROC!.:OURE FOR ACCU!{ACY OPTIMIZATION 

IN INPUT-OUTPUT COEFrICIENTS 

G.H. West 

(University of Queensland) 
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ABSTRACT 

Analysts constructing and applying regional input-output 

tables wil.l norma Uy have limited budget resources. Once a prototype 

table has been produced, it would be inefficient for the analyst to 

sprca<l these resources evenly over every cell in the table, in order 

to obtain superior or updated estimates. This paper demonstrates 

that it is possible to rank the coefficients in order of the importance 

that errors in these coefficients have on the input-output multipliers. 

A selection of criteria to choose from in determining this ranking is 

provided. It is then demonstrated how this ranking can be used as an 

input to an optimization model to determine exactly which coefficients 

the analyst should concentrate on in order that multiplier accuracy is 

maximized subject to limited budget resources. 
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I Introduction 

In both the derivati on an<l applicat i on stages of inpllt-output 

analysis, it would be of interest to the analyst if he could rank the 

direct coefficients in terms of the relative importance of their 

effects on the input-output multipliers. 

In the construction stage, for example, prototype tables are 

usually compiled and progressively updated in the 'critical' areas 

until the analyst is satisfied with the final transactions table. 

In the application stage, if the analyst is interested in particular 

sectors , he should give these sectors, together with other strongly 

interconnected sectors, close scrutiny before proceeding with the 

impact analysis. T'nerefore if the analyst can rank the coeffic:lents 

in order of their relative importance in terms of the magnitude of 

the effect errors in the direct coefficients have on the final 

multipliers, he can get some idea as to which coefficients and secto-rs 

he should concentrate on in order to minimize the final multiplier 

errors, subject to the Um i. tcd resources available. 

No previous work has been published on this specific aspect 

to the author's knowledge. Previous work has been done on some 

aspects of coefficient error, but the analysis has not been carried 

through to the extent of explicitly ranking the direct coefficients in 

order of their importance, nor to the ultimate end of using this 

ranking in a mathematical optiml.zation model. This paper attempts to 

fill this gap. In Section II, some backg1·ou.,.d work is presented. 

Section III develops the mathematicai formulation of multiplier er,rors, 

and Section IV suggests a possible optimization model. Section V 

presents an empirical example, ~n<l finally Section VI outlines the 

import.int conclusions. 

1 



129. 

11 Background 

J\n analyst compiling regional input-output tables will normally 

have limited, resources available in terms of money and time. It will 

be very likely not possible for the analyst to give very close s~rutiny 

to all of the coefficients in the prototype table. The question then 

arises: wh.ich coefficients should he give first priority to, and which 

coefficients should he pay less attention) if any, to. Previous work 

has provided some hints to the answer of this question. 

Evans [2] was concerned with the suspicion that relati vcly 

s111:.Jl l errors in the di rcct coefficients (a . . ) might cumulate to 
lJ 

relatively large errors in estimates of sector output. lie concludes 

that two errors opposite in sign could be compensating in their effect 

on the Lconticf inverse, and that the 1i0 model has an "inherent ability 

to minimize the undesirable effects of data imperfections'' (p. 461). 

However Evans concerned himself solely with the output vector, and did 

not consider the effects of errors on multipliers. Simil a rly, Quandt 

[6, 7] was concerned with the output vectors anti used shocki. ng techniques 

on the a . . 's to test the relationship between the distribution of the 
lJ 

errors and the distribution of the solution. Quandt sho~ed that the 

skewness of the a .. errors tends to be transmitted to the solution 
1,1 

vectors, and suggests the lognormal can be used as an approxjmate 

distribution of the solution. 

More recently, Stevens and Trainer [8] argue that errors in the 

a .. 's <lo not have serious effects on outputs and multiplic1's, nnd that 
l J 

household and regional purchase coeffici(mts exert the most important 

effects on overall accuracy. Burford and Katz [1] also support this 

vi·ew. They suggest the distribution of coefficients in the columns 

has a relatively small role in the determination of multiplier values, 

and that the m;lin determinant of multiplier values is the column totals 

of the A matrix. However both Stevens and Traber and Burford and Katz 

concemcd thcmscl vcs with the speci fie case of fixed absolute errors :in 
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the <lirect coefficients. 

On the other hund, West and Jensen l9J used shocking tcchniquc5 

to examine th~ effects of proportional error in the aij 's on the 

multipliers, and conclude "that the instability of output multipliers 

varies directly with both the size of the multiplier and the extent to 

which individual coefficients dominate their respective columns in the 

technology matrix. This suggests that greater attention should be given 

to sectors showing larger multipliers, particularly if their colwm1s are 

relatively dominated by a small number of cells" (p. 25). 

Jensen and West [5], in an attempt to nail down the effects of 

coefficient size on the multipliers, performed experiments on 14 empirical 

tables by progressively removing the coefficients in order of their 

magnitude, from low to high, both cumulatively and with replacement. 

TI1ey conclude that there is "some empi r5 cal support for the notion that 

the relatively larger coefficients exert relatively more influence on 

multi pliers; it also provides empirical support for an accuracy-

maximi zing approach to multiplier derivation. TI1is notion, implied in 

most operational circumstances and probably accepted generally by 

analysts, is that budget resources available to the anaiyst should be 

directed to ensuring accuracy in the relatively large coefficients, 

an<l allocated in decreasing amounts to progressively smaller 

coefficients" (p. 14). 

Both the West and Jensen and Jensen and West conclusions are 

correct, but they do not go far enough. The West nnd Jensen paper 

possibly comes closest to the correct answer by claiming that size 

an<l distribution of coefficients within columns, together with the 

size .of the corresponding output multiplier, are the main determinants 

of multiplier values, but do not take account of the distribution of 

coefficients across columns. The sam-e is true for the income multipliers. 

·me Jensen and West paper acknowledges that coeffi dent size is important, 

but does not realize that the internal distribution of the coefficients 
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is also a major factor. That is, neither of the above papers take into 

account the level of interconnectedness of the table, nor its level of 

aggregation. '1he following model explicitly takes account of these 

factors. 

Before the model is presented, one additional point needs to 

be mentioned. An efficiency optimization technique based on pr·inciples 

similar to the above, depends on the notion of what can be called 

holistic accuracy, in the sense that the table should be as represent

atively accurate as possi ble in the overall sense, i.e. in the operational 

sense of applying the table. The nomal concept of accuracy, partitive 

accuracy,·on the other han~, is where each individual cell, regardless 

of its relative importance, is deemed accurate. However an input- output 

table, perse, doesn't mean much; the test is in the empirical application 

of the table. Thus it is import8.J'it that the overall picture is 

representative of the economy , i.e. the major sectors and linkages are 

reproduced accurately, but the less important cells which exert little 

influence· on the multi pliers, etc., need not be :reproduced with the 

same degree of accuracy. This concept of accu1·acy was explicit in the 

work of Jensen, Mandeville, and Karunaratne [4], and is a n~cessary 

concept in any technique used to develop regional input-output tablas 

within a reasonable time (and money) horizon. for a cor,,prehensive 

discussion on the concept of accuracy, see Jensen L3J. 

III Errors in Multipliers - Matl~ical ~~ulatio..!!. 

Suppose we have an initial estimate of an input-Olttput direct 

coefficient matrix,A. Then it is likely that all, or some, of the 

direct coefficients, a .. , contain errors, d .. , either absolute or 
l.J lJ 

proportional. If the errors are absolute errors, what we in fact have 

are first estimates of the tn1e coefficients (aij + dij l. On the other hand the 

errors in the coefficients may be proportional erro1·s, in which case 
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d .. - a .. p .. , and we have first estimates of (a
1
. J. + a1.J.pJ.J.). 

l] 1) lJ -

The aim of this section is to find what affect, if any, the 

coefficient errors have on the various input-output multipliers. The 

analysis that follows is based on the assumption that the initial 

coefficient error is proportional, but this does not restrict the 

analysis in any way. In fact the assumption of absolute coefficient 

errors is more restrictive, and the following theory can easily be 

converted .to the analysis of absolute errors by substituting d .. for 
lJ 

a .. p. . . In the empirical sense, there is little to suggest ci ther 
lJ 1J 

error format is more likely to occur, and one can find arguments in 

favour of both propositions. Given that a decision had to be made, 

however, the author is marginally inclined towards the proportional 

error theory, primarily on the basis that we would expect, ccteris 

paribus, larger coefficients to contain larger e1·rors. 

All the input-output multi pliers are calculated from the 

Leontief inverse, B = (I-A)-
1

. Therefore we need to know how the 

error matrix D = [<l .. ] = [a .. p .. ] affects B. ln other words, if 
lJ lJ 1.J 

we apply the usual theory to the coefficient matrix (Aj, 

1 -1 
we obtain (I-A)- which is not equal to the 'true' inve:rse (I-A-D) . 

The question we therefore need to answer is: 

related to (I-A)-1? 

Let us write: 

(I-A-U) == (I-A) (I-8) 

= 1-A - (I-A)e 

and we have 

l) = (1-A)e 

-1 how is (I-A-0) 

(1) 

(2) 
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From (1): 

= (l-8)- 1 (1-A)-l 

2 3 -1 
= (1+8+0 +8 + .. . )(I - A) 

· -1 -1 2 . -1 
= (1-A) + 8(1-A) + 8 (I-A) + . •. 

2 = B + 88 + 0 B + . • . (3) 

But. from (2) : 

e = {I-Af 1o 

= BD 

and therefore (3) becomes: 

(I-A-D)-l = B +BOB+ (BD) 2B + (BD) 3B + 

= B + BDB + BDBDB + BDBDBDB + 

= B + El + E2 + E3 + ••• 

= B + E (4) 

-1 
where E =El+ E2 + E3 + ... is the error induced into (I-A) in 

response to an initial error D introduced into A. 

Consider the error component El first: 

Now the (i,j)
th clement of BO is Eh.kak.pk. 

k i J J 

and the (i,j)
th 

element of El = (BD)B is ~(~bikaktpk 1)t1tj 

The error in the j th output or column multiplier is therefore 

and the total absolute error over all j output multipliers is 

e:l = l: el (OM. ) 
j J = ~1;;0l-\c°u.Pkt t, ij 

= ttm\akR,PkR. RMR. 
R.k 

(S) 

(6) 

where RM1 denotes the 1
th 

row total of B i.e. the .e.th row multiplier, 

whi-ch represents the change in output of the t th sector in response to 

a one dollar change in final demand of all sectors. e:l qenotes a scalar 

formed from the summation of elements in the matrix El. 
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Equations (5) and {6) throw an interesting light on the 

coefficient error problem. For example, suppose an error occurs in 

one cell 3,ci·' TI1e subsequent error in the j 
th output multiplier 

depends not on the si:z.e of the j th output multiplier, but the magnitude 

of the output multiplie~ corresponding to the~ sector where the 

original error lies i.e. ~. If errors exist in more than one (but 

not necessarily all) of the direct coefficients~ the error in the j th 

output multiplier depends on the sum of the output multipliers of the 

errored row sectors. The error in the j 
th output multiplier in 

response to an error in the direct coefficient E\t is found by weighting 

the error in ~ 1 by the output multiplier of industry k. and the sectoral 

output multi plier from industry i. into industry j. The error over all 

output multi pliers is the sum of the e1·rors in <\t weighted by the output 

multiplier from industry k and the row multiplier of industry t. 

Not only does this give an estimate of the total error over 

all output multipliers, but it also tells us the relative importance 

of the n .. coefficients in which errors occur. For a given proportional lJ 
error in any a .. , we would want to reduce the error in those eel ls 

lJ 
which correspond to large a .. 's, combined with large row and column 

lJ 
multipliers. 

Equation (6) is a summation of terms, and can be rewritten as 

+ OM. • ak . .e,. pk • 1. RM t. + 
Kl 1. l, 1. 1 1 1 (7) 

where the terms in the series [ ] can be written in sequential order 

from high to low. We then have a sequential list of cells which 

contribute, in order of importance, to the overall multiplier error. 

In terms of relative efficiency, therefore, we should concem:rate firstly 

on reducing the error in the coefficient akl. 11..l, secondly in the 

coefficient ¾z. i.Z, and so on. 
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Also note from equation (6) that the total multiplier error 

is a function of several factors; (a) the size of the original error 

pkt' (b) the magni tu<le of the corresponding direct coefficient akx.' 

(c) the level of interconnectedness (the values of 0~ and RMi),. and 

(d) the level of aggregation (the range of values of k and l). ·Tous 

errors in the coefficients give rise to relatively larger mul tiplicr 

errors in more interconnected tables and more disaggregated tables. 

Within any given table, cells which contain large direct coefficients 

and also correspond to large row and column multi pliers have a larger 

effect on multiplier error than other cells. 
1 

In an operational sense, we need to make the broad assumption 

that the proportional error in each coefficient is roughly of the 

same magnitude. We need not specify a particular value. In situations 

where more detailed knowledge of the local economy is available, one may 

be able to obtain rough ratios of these errors e.g. one may be led to 

believe that the error in one particular coefficient is approximately 

twice as large as in other coefficients. Remember, the above model does 

not aim to tell us what the errors are (although in some circumstances 

it can provide a rough estimate). It only gives us a pointer which 

indicates which cells we should be concentrating on, in the light of 

all the prior available information. 

If we assume that pk 9- ::: p for all k, i , then equation (6) 

(and (7)), becomes 2 

(8) 

1. These cells need not necessarily correspond to cells containing just 
large aij's. In the case of the five sector Queensland input-output 

Table PJ the rank correlation coefficient between the rankings of the 
aij's and the 0~3ic 1ru.it's listed in order of magnitude from high to 

low is 0.97. The slight difference between tho rankings can be 
accounted for by tile level of interconnectedness (i.e. the positioning 
of the large a .. 's relative to each other in the table) which is not 

. 1 'J . 
taken into account when simply ranking the a .. 1 s from high to low. 

lJ 
2. The assumption of constant coefficient error {either absolute or 

proportional) is also implicit in the partitive accuracy concept, 
i.e. looking at etich cell in turn without any prior ranking procedure. 
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Each term in the summation can be arranged in a matrix format, and these 

elements can easily be calculated. All that is required are the matrices 

A unJ B. 

El"' = p (9) 

OM a RM 
n nn n 

where El' denotes the matrix of absolute multiplier error components, 

as distinct from El which is the matrix of errors in the elements of 8. 

Once the error rnatri x El'' has been obtaincdt the elements can simply be 

ranked. 1he transpose of these elements in the A matrix then gives 

the rclati vcly important coefficients. 

In the simple case where ¾i·Pki = dkt is assumed to be 

constant, i.e. there is a constant absolute coefficient error, equation 

(8) reduces to 

= 

= (10) 

Where T denotes the sum of the elements of the Leontief inverse, B 

i.e. T : L L b . . 
i j lJ 

In this case, all that is required to rank the coefficients is the matrix 

8. 

The analysis so far has concentrated on absolute multiplier error. 

111is may not be a satisfactory criterion ., as multiplier size is not taken 

into account. A more appropriate measure would be average proportional 

multiplier error. 

Proportional output multiplier error can be measured in two 

ways: (a) the error as a proportion of the total multiplier, or (b) the 

error as a proportion of that portion of the multiplier above unity. Again 
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there are advantages and disadvantages in eacn approach, and the 

analysis can easily accommodate either method. For the sake of consistency 

with previous analysis and uniformity across multipliers, we will use the 

former approach, stressing that it is not necessarily more correct, 

The proportional multiplier error in the j th output multiplier 

is, from equation (5):
3 

d(OM.) 
J 

OM. 
J 

= 

and the average proportional multiplie1· error is thus 

1 T' d(OM.) l T' T' O~ .. b 0 • 

- '" ( J ) = - '" t. 
3kt Pu, ~ (~) 

n j OM. n t k J OM. 
J J 

(12) 

. (13) 

where 
b R.j 
OM. is the proportion of the column total which lies in 

J 
cell (.e,, j) of B, and n is the number of intermediate sectors. 

Again using the broad assumption that pki is constant for 

all k, t we have 

l E El(OMJ.) n EE OM a r bGi 
n ( OM. - ) = ~ x. k k kl 3· (~) 

j J J 
(14) 

and each term in the series can be compiled into an error matrix as 

previously, 4 viz: 

3. Using the second measure, we would have 

cl(OMj) - E E OMk b ,e; 
(OM.-1) - 1 k ~R. pkR. Coi-1) 

) J 
Also note that we need to measure the error relative to the estimated mul tipli.f;r: 

4. Average proportional multiplier error is the criterion used by 
· Jensen and West [SJ. As noted previously, their results 
imply that the a .. coefficients should be ranked from high to low. Com
paring this simpU ranking with the ranking obtained from equation (14) 
for the Queensland table, results in a rank correlat i on coefficient 
of 0.98. 
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bl. 
c.21.) 
OM. 

'J 

b2. 
(-j) 

OM. 
J 
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(15) 

where El is used to distinguish the ~rror matrix from El', as now each 

element is a measure of an error component in the ave:rage proportional . 
multiplier error, rather than the absolute multiplier error. 

Simplifing further by asswning com:tant absolute coefficient 

errors reduces equation (5) to 

·t1(0Mj) d 2: Of\ E .. 
1 bl?.j k . 

= d 'f OMj (16) 

and thus 

d(OMj) 

OMj 
= dT (17) 

i.e. the proportional output multiplier error is constant, irrespective 

of the sector number. The average proportional multiplier error is 

thus also 

= dT (18) 

It should be noted that the above analysis is eqm~lly applicable 

to income and employment multipliers. Income multipliers are obtained by the 

scalar multiplication of B by the household coefficients, i.e. h. B; 
l 

the employment multipliers by the employment coefficients, i.e. e. B. 
• . J. 

(The output multipliers involve scalar multiplication by 1.) Summing 

the c;ol~mns, of course, gives the multipliers. Equation (4) thus becomes, 

for example, 

) 



-1 h.(1-A-D) = h.B + h.E 
1 1 l 

Let us now consider briefly the error component E2: Now 

from equation (4) we ha.ve 

E2 = (BD)(BDB) = (BD)El 

th . r, (Eb )(tr. b l ~ and therefore the (i, j) element of E2 1s m q i q aqm Pqm ik mk akl Pu, 1 9..jJ 

The error in the j th output multi plier is then 

E2(0M.) 
J 

Again sununing over the j multipliers gives 

Assuming pkt is constant for all k and 1 gives 

E2 = p2 E(E OM a )(E Eb akn fu~n) m q q qm 1 k mk ~ ~ 

and under the further assumption of constant absolute errors, 

2 
£2 = d m 

( E OM ) (E I: b RM ) 
q q t k mk . t 

In a similar manner, we can show that 

c3 "" d3 1'4 

(19) 

(20) 

(21) 

(22) 

(23) 

and the total multiplier error over all multipliers under the assumption 

of <;:onstant coefficient error is 

£ = ct + c2 + e:3 + 

d~1.2 + 2 3 d3 4 = dT + T + • • • • • 

= dT [1 + dT + (dT) 2 
+ (dT) 3 

+ ••••• ] (24) 

i.e~ in terms of the total multiplier sum we can write: 

A gives rise to T 

and (A+D) gives rise to T + dT2 
+ d2r3 

+ 

= T[l + dT + (dT) 2 
+ ••••• ] (25) 
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This m~y give us a very rough estimate of totarmultiplier error. 

Getting back to the more realistic situation of proportional 

multiplier error, we get from equation (19): 

= 
E 
m 

(26) 

and the average proportional multiplier error is 

1 E 
= -n m (27) 

2 
= p_ 

n 
t (E OMq )(EI: b ako ~(btj)) 
m q aqm 1 k mk ~ J OM. (28) 

J 

under the assumption of constant proportional error. The terms in this 

equation can also be expressed in the form of an error matrix.: 

E b 1· (I: I: E bl . OM a b ) 3 11 . (~, ~E E OM m q q qm ml J I • J lm q q a b 2)a21 (-1..). ' • . 
J qm m j OM. 

J 

(I: t OM a b ) al2 
E(~2j) 

m q q qm ml j'OM. 
J 

2 
E2 =L 

n 

(t I: OM 
I: b . 

a b ) aln ( _!~) 
rn q q qm ml j OM. 

J 

In a similar manner it can be shown that, under the same conditions, the 

(i, j) 
th 

cc 11 of the third error matrix has the following form. 

(n = p3 ('1.E E !: E OM a b a b .) a .E(bik)] 
rs m q r rs sm mq qJ n J·1.· .k OMk 

J 

(29) 

(30) 
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Because we arc primarily interested in the ranking of the 

coefficients, we can let p = 1 to obtain the complete error matrix: 

e ::. El + fi2 + E3 + ... = [E .. ] 
lJ 

1 E E b .... ) E bik 
1 = - [ (OM. + OM a mj + a .. 

k (OMk) J n J m q q qm Jl 

As the average proportional multiplier error is the sum of 

(31) 

all the elements of E, we simply need to rank the elements in order of 

magnituJe•from high to low to find which coefficients contribute relatively 

more to the average multiplier error. We should obviously look at those 

a.. 1 s corresponding to large E .. 's. This leads to a more efficient 
J 1 1) 

process of reducing multiplier error. 

IV Application to a Possible Optimization Scheme 

Analysts, in compiling regional input-output tables, have usually 

proceeded to estimate the table coefficient hy coefficient, on the assumptic•n 

that overall accuracy will be maximized. However, this is not necessarily 

the most efficient approach in that no consideration is given (except 

implicitly) to maximizing accuracy and minimizing cost. The majority of 

analysts involved in such an exercise will have very limited resources 

available (e.g. money and/or time, etc.), and the analyst will probably 

ask himself the question as to whether he should attempt to get superior 

estimates of all the coefficients, or whether his time and money would be 

better spent concentrating on a smaller subset of coefficients. 

Section I I I above has already answered part of that question, 

by ranking the coefficients in relative order of importance . 111e second 

p~rt of the question then becomes: how far along the sequence should we 

continue until we reach a point where the reduction in average multiplier 

error is not worth the trouble and effort of superior estirnution? 

Given the conditions descri bed earlier, and these restrictions 
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can easily be relaxed if, for some reason, we think we know what the 

relative errors in the various coefficients are, including those cells 

which we think contain no error (i.e. if we can assign weights to the 

cells reflecting the possible size of the proportional error in that cell), 

the elements in the matrix fl can be summed to obtain the total average 

propo1tional multiplier error. 

= Ek. ". 1.~1 
4 • • • • ) (32) 

If the terns in the series are listed in sequential order from high to low, 

we have a sequential list of direct coefficients which contribute, in order 

of importance, to the average multiplier error. This implies that we should 

concentrate firstly on reducing the error in the coefficient.OH .kl, r.econdly 

in element a12 _kz' and so on. 

The first step is to derive an error function. 

Let X = Number of cells with an error.and 

multiplier error resulting from X cells in error 

Y = average proportional 
l X 

= - E Ek. n . • 
n i=l i.,.,1 

We can then J>lot Y against X for X = l, 2, 3, .... , n, where the cells are 

numbered in order of magnitude. As each subsequent term is smaller than 

the previous term, the curve will have a shape similar to Figure 1. 

Y = Average 
Multiplier 
Error 

0 X = N of cells in error 

FIGURE 1 
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A possible mathematical function whidl fits this curve 

\ 

Now if we progressively re-estimate the direct coefficients 

(33) 

in the order specified, we can obtain the function relating the average 

multiplier error remaining ~fter X cells have been re-estimated i.e. 

yl = y - YX max 

= Ymax axB 

= acx8 ~ x8) 
n 

(34) 

where n refers to the number of cells in A which contain an error (which 

may or may not equal n2, all the cells in the table). 

In many situations, (e.g. in some Baynesian and Operations 

Research problems) it is common to specify a value, subjecti~e or otherwise, 

to the cost of making an incorrect decision. Similarly, in input-output 

model estimation, it may be possible for the analyst to set a value to the 

cost of a certain level of error occuring. This cost will,of course, depend 

upon a large number of factors e.g. the relative importance of the 

particular region in question, the primary use for which the final table is 

to be put, and even the experience and personality of the analyst 

himself. 

S. The reason for estimating the error function in this form rather 
than in another form was that this form returned consistently 
superior regression results in empirical tests. However, this 
function does make several assumptions, e.g. continuity. Also 
note that the error function need not be specified mathematically 
in practice; the final results can be derived with greater 
accuracy by an iterative technique by the computer. We will 
come back to this point later. 
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Suppose we can specify (implicitly or otherwise) the cost 

' h 1 ' 1· C 6 
of making a unit average proportional error 1n t emu tip 1ers, 1. -

Then after we re-estimate the first X cells, the total cost of the 

remaining multiplier error is 

If c
2 

is the average re-estimation cost per cell, the total 

cost of re-estimating those first X cells is 
7 

These two cost functions are represented in Figure 2. 

Cost 

TC 

X* 

FIGURE 2 

6. A proportional error of one unit is equivalent to a 100% error. 

(35) 

(36) 

7. It may be desirable to assign a relatively higher cost per cell to 
,the more important coefficients, in which case equation (36) should 
be modified accordinglf. 
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Note that the larger the number of cells re-estimated, the 

lower is the cost associated with the multiplier error, but the higher 

is the re-estimation cost. At the point where the marginal increase in 

cost of estimation equals the marginal savings in reduced error, the 

total cost will be minimized. 

Now 

TC= TC1 + TC2 

1 = c1Y + C2X 

- C (Y - aX8) + c
2
x - '1 max 

(37) 

To find the value of X which minimizes total cost, we differentiate 

(37) w.r~t. X and equate to zero: 

dTC -C aBXB-l + c2 dX = 1 

8-1 c2 
= O when X = c1al3 

or X* 

which is the 

= 1-2] B~f c1aB 

optimal number of cells to re-estimate. 8 

(38) 

There are a couple of points to note about equation (38). In 

all cases tested, it was found that a~ O and O < f3 < 1. Thus the 

minimization conditions are fulfilled, and the larger the value of c2, 

the cost of estimation per cell, the smaller is the number of cells that 

should be re-estimated. Conversely, the larger the cost per unit error 

c1, the larger the number of cells which should be re-estimated. 

Secondly, we do not need the actual values of c1 and c2, only 

the ratio. We can thus find the range of values of this ratio which will 

return a value of X* between O and n i.e. 

13-2 -c1al3(6-l)X > O when a) O, O < e < 1 which indicates the 

second order condition for minimization holds. 
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if > o.8 re-estimate no cerls. 

(39) 

if re-estimate all n cells. 

However, this ratio may be fairly- difficult to visualize, since 

they refer to different units. c1 is the error cost Eer unit error, whilst 

c2 is the estimation cost uer cell. The analyst may prefer to set the cost 
. 

of making an error in tel"!lls of the original cells. Then let C~ be the 

cost of an individual cell (direct coefficient) being incorrect. 

c2 are now both expressed in terms of cost per cell, and we get 

C. and 
.l. 

and 

Thus: 

TC ::, TC1 + TC2 

= c113cy aX6) + c2x 1 max 

X* [ c2 
= Cia aa 

] a~l 

c2 
if -- > aa 

clB 
1 

if c~ < aana-l 
cll3 

1 

re-estimate no cells 

re-estimate all n cells 

V ~ Empirical Example 

The above procedures have been applied to several Queensland 

(40) 

(41) 

(42) 

GRIT [4] tables, as well as the South Australian regional tables currently 

being compiled, comprising various levels of interconnectedness. and 

a~gregation. For the sake of simplicity, however, the results derived from 

the five-sector Queensland ;state t:ible will be presented heTB. 

The transactions table, direct coefficients table, inverse 

matrix and various error matrices are pr~sented in Attachment 1. Also 

for ease of presentation, tho results refer only to the output multipliers , 



147. 

but the analysis is equally applicable to income and employment 

multipliers. Obviously in a practical situation, income and employment 

multipliers ~re relatively more important than output multipliers. 

The simplest criteria in terms of ease of calculation to apply 

is absolute coefficient error/absolute multiplier error. In this case 

the error matrix El'is fanned simply from the product of the row and 

column totals of the B matrix (Table 3). This error matrix is given in · 

Table 4, together with the ranking of the elements. The ranking of the 

direct coefficients using Table 4 compared with the ranking derived just 

from the A matrix results in a rank correlation of 0.14. This is under

standable as the magnitude of the a.. 's are not explicitly taken into 
lJ 

account (since the error in each a .. is assumed to be the same, 
lJ 

irrespective of coefficient size), but only implicitly in the size of 

the multipliers. 

A more realistic criterion is proportional coefficient error/average 

proportional multiplier error, and we will refer mainly to this criterion, 

acknowledging that other criteria. could easily be applied. 

The error matrix Bi (equation (15)) is shown in Table S. As 

noted previously, the rank correlation coefficient derived from comparing 

the rankings from El and A is 0.98. When E2 is added, there is a marginal 

change in the ranking, with a rank correlation coefficient between EI 

and (El+ E2) of 0.998. In no cases did the ranking change with the addition 

of additional error matrices, E3, E4, etc. Results indicate that it is 

of ma1·ginal value proceeding past E2, but nevertheless all calculations 

were taken to three terms in the expansion. Remember we are primarily 

interested in the ranking of the coefficients; if the actual value of the 

en:or component is of interest, more terms may be required. 

It is of interest to note that the error components decline 

dramatically with each additional error matrix. For example, it would 

require a coefficient error of at least 3 percent before the largest 

element in E2 becomes non-zero, and a coefficient error of at least 32 
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percent would be required before any e!ew~nt of E3 becomes non-zero. In 

addition, this decline is accelerated the less aggregated the table. Note, 

however, that these comments refer primarily to the criterion in question; 

absolute multiplier error would normally require additional terms in the 

error expansion. 

From Table 8 we can now draw up a list of coefficients in order 

of priority, i.e. a33 , a13, a35 , a
31

, ••••. This is shown in Table 9 . . We 

should therefore concentrate on these coefficients, in sequence, in order 

to reduce.average multiplier error by the largest amount in the shortest 

possible time, given that we normally have limited budget resources. 

The next step to decide on is how far along this sequence should 

we proceed before it becomes uneconomical to proceed any further. We therefore 

need to compute the cumulative sum of elements E .. listed in order of their rank. 
1J 

This is also done in Table 9. To derive the error function we regress Y 

against X. If we use the form in equation (33), we obtain: 

or Ln Y = Ln a + BLn X 

= 0.01762 + 0.51223 Ln X 
(0.31) (22.00) 2 r = 0.96 

(the values in brackets are t-values). This gives estimated values of 
,. 

a and Bas a= 1.01777, B = 0.51223. 

We now need to specify tho ratio c21c1• Suppose, for example, 

we let c2/c1 = 0.2. This could mean, for example, that the cost of 

obtaining superior data for each cell is set at abqut $200, and the cost 

of making a 100% error in the multipliers at about $1000. Applying equation 

(38), we obtain 1 

[ c2 B-1 
X* = 

Cl~ 
,.. 

a 

7 
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This meanswe should obtain superior estimates (if possible) of the 

first 7 coefficients listed above. From equation (39) we also see ti at if 

CiJC1 > 0.52 we should re-estimate no cells, or if C/C1 < O .11 re-estimate 

all 25 cells. 

The above result depends on how accurately the error function 

can be estimated. The regression equation above would not be considered a 

'good' fit in these circumstances (some error functions have returned r~ 

values of 0.999). In practice therefore, it is recommended that the 

total cost be computed iteratively for consecutative values of v1 and X 

(from equation (37)) until the minimum value of TC is obtained. This 

is, in fact, a more efficient approach since values of TC can be computed 

as each Y1 is computed, and these values are also shown in Table 9. It 

can be seen in this example that x• = 7 which coinsides with the result 

obtained above. Actually, the differe~ce ip cost for any value of X between 

6 and 9 is so small ~28) that for practical purposes one might choose 

any X in this interval. 

This also raises an additional interesting point. The ratio 

c2;c1 is very close to its lower limit, yet only a small number of cells 

require re-estimation. This supports the conclusions of Jensen and West, 

who suggest that the lower 50 percent of coefficients have a marginal 

effect on multiplier values. 

VI Swmnary 

Analysts constructing and applyinE regional input-output tables 

will normally have limited resources (time and money) at their disposal. 

It would be extremely unlikely that these resources would allow the analyst 

to give very close scrutiny to every cell in the table. He will normally 

have to be satisfied with concentrating his attention on the more important 

sections (however he defines important) of the table, with less attention 

to the cells which he considers to have little or no effect on the 

multipliers and output vectors. 
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l~1 to now there have only been vagu~ rules of thumb in this 

rcgnr<l. the majority of which have been Jeri ved from shock:i ng and 

simulation techniques. This paper has shown that there is a simple 

mathematical relationship between coefficient error and multiplier 

error. Furthermore, this relationsh.ip allows us to rank the coefficients 

in order of their importance lwith respect to error in the coefficients 

affecting the multiplfor values), subject to a wide r,mgc of criteria 

from which the analyst can choose. 

'This paper developed the analysis with particular attention 

to one of these criteria viz. proportional coefficient error/average 

proportional multiplier error, but explains how various other criteria 

b d I l I h · 1 · th 1 . 1 · can c use . t was s 10\1:n t 1at t, e proport1ona J - output mu tip J er 

error is largely determined by the magnitude of the direct coefficient 

in which the error occurs akt' the size of the corresponding row sector 

output multiplier OMk, and the sectoral output multiplier from sector t 

to sector j as a proportion of the j th output multiplier. 

Once the optimal ranking of the coefficients has been obtainer!, 

the analyst should proceed to work his way <lown the list, removing erro1·s, 

if possible, from the coefficients. The optimal point in the list to 

stop because the improvement in multiplier accuracy resulting from the 

re-estimation of an additional coefficient docs not. warrant the additional 

cost involved, can be determined by allocating values to the costs of 

re-estimation and making of error. Empiric.:al evidence suggests that, 

as a rough guide, only the first 50 percent of the coefficients exert 

any significcnt effect on the multipliers. 1bc error function levels off at 

about thh point, and any additional effort to rc-estim.1tc more cells is 

probably not worth the resultant improvement in accuracy. 



151. 

ATTACHMENT 1 

The following tables are derived from the five-sector transactions 

table for Quee.nsland, 1973-74, ($m). The table was adapted from Jensen, 

Mandeville and Karunaratne [4]. Numbers in brackets after the coefficients 

denote the rank of that coefficient from high to low. 

TABLE 1: TRANSACTIONS TABLE 

Sectors 1 2 3 4 s H.H O.F.D. Exports Tot ::i.l f 
~-? 

1 102.9 11.3 624.0 0 1.9 130.8 230.8 61.3 1 , ,, ..,. 1 ' 
.~ .O.). I 

2 0.1 14.8 79.5 1.6 17.1 0 506.9 36.8 656 . 8 i 
3 149.2 93.3 778.6 52.2 307.0 973 . 7 839.4 846.4 4039 .s ! 
4 51.2 48.0 236.0 41.5 114.2 572.0 0 53.S 1116 .41 
5 49.4 75.4 Z67.2 155.7 225.3 1260.3 361.0 512.9 2907. 2 

--j 

H.H 106.2 85.4 946.9 427.9 1232.S 0 0 0 2798 .0 / 
O.V.A. 55.S 122.9 551.2 88.7 206.1 458.3 47.1 222.9 175 2 7 \ 
Imports 648.6 205.7 556.4 348.7 803.1 180.6 6.9 13 .5 2i(;:. i:; :; 

.; 

Total 1163.1 656.8 4039.8 1116.4 2907.2 3575.7 1992.1 1747._~-- -·; 

TABLE 2: DIRECT COEFFICIENTS MATRIX; A 

0.0885 (8) 0.0172 (20) 0.1545 (2) 0.0000 (25) 0.000'1(23) ] 
0.0001 (24) 0.0225 (18) 0.0197 (19) 0.0014 (22) 0.0059 (21) 
0.1283 (5) 0.1421 (3) 0.1927 (1) 0.0468 (13) 0.1056 (7) 
0.0440 (14) 0.0731 (10) 0.0584 (12) 0.0372 (17) 0.0393 (16) 
0.0425 (15) 0.1148 (6) 0.0661 (11) 0 .1395 (4) 0 .0775 (9) 

TABLE 3: INVERSE MATRIX; B = {l-A)-l 
Row Total 

1.1301 0.0563 0.2209 0.0148 0.0271 1.4492 
0.0046 1.0285 0.0271 0.0043 0.0098 1.0743 
0.1943 0.2168 1.3000 0.0858 0.1540 1.9509 
0.0669 0.1004 0.0960 1.0516 0.0565 1. 3714 
0.0766 0.1613 0.1213 0 .1663 1.1061 1.6316 

--
1.4725 1.5634 1.7652 1.3228 1. 3534 
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TABLE 4: ERROR MATRIX El~ 

(d) 

2 . 1339 (15) 
1. 5819 (23) 
2. 8727 (3) 
2.0194 (16) 
2.402S (10) 

2 .2657 (11) 
1.6796 (22) 
3,0500 (2) 
2.1440 (14) 
2.5508 (8) 

2 .5531 (7) 
1. 8964 (19) 
3.4437 (1) 
2 .4208 (9) 
2.8801 (4) 

1.9170 (18) 
1.4211 (25) 
7..5806 (6) 
1.81'11 (21) 
2.1S83 (13) 

TABLE 5: ERROR MATRIX El 

0.1251 0.0001 0.2174 0.0559 0.0552 

(e.) 0.0174 0.0242 0 .1723 0 .0664 0.1067 
s 0.2698 0.0365 0.4033 0.0916 0.1061 

O.OOvO 0.0022 0.0827 0.0492 0 . 1889 
0.0012 0.0108 0.2175 0.0607 0.1224 

TABLE 6: ERROR MATRIX .E2 

0.0624 0.0001 0 .1463 0.0200 0.0222 
2 0.0087 0.0133 0.1160 0.0237 0 . 0430 

(L) 0.1344 0.0201 0. 2716 0.0328 0.0428 s 0.0000 0.0013 0.0556 0.0176 0.0761 
0.0006 0.0059 0.1464 0.0217 0 . 0493 

TABLE 7: ERROR MATRIX E3 

0.0342 0.0000 0.0805 0.0098 0,0121 
3 0.0047 o. 0071 0.0637 0.0117 0.0233 cL~ 0.0740 0.0107 0.1493 0.0160 0.0232 51 

0.0000 0.0006 0.0306 0.0086 0.0413 
0.0003 0.0032 0.0806 0.0106 0.0268 

TABLE 8: ERROR MATRIX E = ITT + E2 + E3 (p=l) 

0.2216 (7) 0.0002 (24) 0.4441 (4) 0.0857 

c.!.) 
0.0308 (20) 0.0446 (19) o. 3519 (S) 0.1018 
0.4781 (2) 0.0673 (18) 0.8243 (1) 0.1404 s 0.0000 (25) 0.0041 (22) 0 .1688 (11) 0 . 0754 
0.0020 (23) 0.0198 (21) 0.4445 (3) 0.0929 

1.9613 
1.4S39 
2.6403 
1.8560 
2.2082 

(16) 
(13) 
(12) 
(17) 
(14) 

(17)7 
(24) I 

csJ 1 
c20) I 
(12)_J 

0.0895 
0 .1730 
0 .1721 
0.3063 
0.1985 

(15) 
(9) 
(10) > 
(6) 
(8) 

_J 
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TABLE 9: CUMULATIVE SUM OF COEFFICIENTS FROM E 

Rank a .. E .. t Eij TC 
X lJ (CzlC1:::0.2) lJ y 

1 .1927 .8243 • 8243 3913.4 

2 .1545 .4781 1.3024 3435 .3 

3 .1056 .4445 1. 7469 3390.8 

4 .1283 .4441 2.1910 3146. 7 

5 .1421 .3519 2.5429 2994.8 

6 .1395 .3063 2.8492 2888.5 

7 .0885 .2216 3.0708 2866.9* 

8 .0775 .1985 3.2693 2868,4 

9 .1148 .1730 3.4423 2895.4 
10 · .0661 .1721 3.6144 2923.3 

11 .0468 .1688 3.7832 2954.S 
12 .0584 .1404 3.9236 3014.1 
13 .0731 .1018 4.0254 3112. 3 
14 .0393 .0929 4 .1183 3219.4 
15 .0425 .0895 4.2078 3329.9 
16 .0440 .0857 4.2935 3444.2 

17 .0372 .0754 4.3689 3568.8 
18 .0197 .0673 4.4362 3701.5 

19 .0225 .0446 4.4808 3856.9 
20 .0172 .0308 4.5116 4026.1 
21 .0059 .0198 4.5314 4206.3 
22 .0014 .0041 4.5355 4402.2 
23 .0007 .0020 4.5375 4600.2 
24 .0001 .0002 4.5377 4800.0 
25 .0000 .0000 4 .5377 5000.0 

(* denotes minimum) 
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APPENDIX VII' 

MULTIPLIERS: NON-UNIFORM TABLES 

TABLE VII-1 TOTAL SECTOR OUTPUT HULTIPLlERS DARWIN REG ION: 16 SECTOR TABLES 

·········•·*·····••*•*•*·••~*** ----~------~--------------------------------------------·-------. 
SECTOR INITIAL FIRST INDUSTRIAi. PROD"N CONS·'H TOTAL 

IHPACT ROUND SUPPORT INDUCED INDUCED 
----------------------·-----------------~-~--------------------

1 t.HH 8.1687 0.6138 e.tt45 ~.0742 1.1886 
2A t.B!JH f.0712 ,.s10e D.C8tl ~- US'7 1.1908 
2B 1.9'80 C.3231 e.i,412 e.Hu e.2434 1.6077 
3 1. IGSG 0.2864 t.1460 f.3324 t.i362 1.5185 
4A t .fHC B.1343 fl.9219 t.1~63 f .12~0 1.2822 
48 1.HH S.£!839 

"·" 41 
e.e9u 0. 1848 1.2635 

4C 1.f0H 1.9892 i.81U !.6992 0.2447 1. 3439 
4DE 1.HH t.2413 t.1619 t.3132 e.2e~2 t.5634 
4F t .HOO t.99Se 8.1177 f.1156 if .1621 1.2777 

' 1.tHf 1~1482 I.Hft9 t.0511 0.1552 1.2123 

' 1.HH 1.1888 t.9488 9.2376 t.2~76 1.-4452 
7 1.UH 1.1285 t.9184 ,. 1469 , • .,975 1.2444 
8 1.HH ,.1105 S.1"168 e.1 us S.2469 1.3634 
9 1.HU 1.1171 1.8147 f.1218 f . 2293 t.3510 

1f 1.HH 1.4972 t.1466 1.6438 '1.3346 1 .. 9783 
11 t.HH t.1772 ,.,121 f.1893 '1.3187 1.4081 

•-0-----------------------------·---~-------------------------~ 

TABLE VII-2 TOTAL SECTOR OUTPUT HULTlPLIERS TOP END REGION: 16-SECTOR 
··••*••········•·*~•*~~-******* T/\BLES ________________________________________________________ " ______ 

SECTOR INITIAL FIRST INDUSTRIAL PROD'H CONS "H TOTAL 
UtPACT ROUND SUPPORT INDUCED INDUCED 

-------------------·--------·•----------------------------------
1 1.Hff t.t2JS 1.9243 6.f478 1.1977 1.2455 
2/t 1.9001 t.tB18 e.0204 11.1222 8.1461 1.2623 
29 I.HU t.3893 f.6769 0.456; 0 . 3172 1.7736 
l 1.HH t.t76J 1.8417 0.2177 e. 0307 1.2485 
4A 1.UH t.1674 f.&358 B.2931 e.t573 1.3~94 
4B 1.eoeo f.tl87 t.9382 9. 1769 e.22so 1s415S 
4C 1.HU 9.f198 e.C-427 9. 1626 6.3037 1.~662 
OE 1.HH f.38H ,. 1395 3.5185 f.WG5 1.i'i11 
•F 1.UU ,. 1647 f.9496 D.2142 i.2158 1.(393 
5 1.HU f .D494 ,.1122 • • ,616 0. rn,n t.2419 
6 1.HU f.2332 f.t1891 t,3223 0.2!i29 1. 5752 
7 1.uu 0.1692 f.1326 f.2018 f.l 2!4 1.3271 
8 t.UU f.1197 0.6259 t.1456 f.?!J71 1 . -4527 
f 1.esu I.ft 6-4 2.1211 f.t375 f.2315 1.4 19G u t.HU ,.4953 f.1764 f.6657 9.4059 2. ~7{6 

1 f 
1 ·"" 

,. ,111 ,.a2t1 ,.1211 0.4161 1. S3i1 

---------------------------------------------------------------
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TABLE VII-3 TOTAt SECTOR OUTPUT NULTIPLJERS NORTHERN TERRITORY: 

····················••*••*•~••* 
16-SECTOR TABLE 

•-•e•-•-•----•--•••-Q--~-•-•----•-----~-----•--,•-•--------~----
SECTOR INITIAL FIRST IHDl!STRIAL PROD'H CONS"N TOTAL 

If'IPACT ROUND SUPPORT INDUCED INDUCED 
------------H-----~-------•-•-•-c-~•----------•---------------• 

1 1.HH t.1245 ,.,2n ,. 1478 . ,. t 134 i .2611 
2A 1.HH e.tH4 f.1184 1.1187 t.1118 1.2995 
28 1.HH I.Jolt 1.8699 t.43H t.35t? 1.7811 
l 1.HH i.1824 f.t4Ji 0.2254 •• , .. 6' 1.2714 
4A 1.fHf •• 1961 ,.na, ie2J 7 f.1836 1.41.83 
48 '·"" 1.1398 t.1369 t.1767 1.2616 t.4373 
·•c 1.HH t.1172 i sntt t~1562 a.J4Si> t.5't9 
4DE 1.HH 1.3721 S.1232 1.054 t.2JJ8 1.7292 
4F t.HH 1.1617 1.1462 l.2i79 e.2456 1.453~ 
5 1., ... 1.1459 t.iUJ 1.1542 1.2,27 1.2,9t 
6 1.IHf t.2183 t.1794 1.2976 ~ .. 2871 1.51J-47 
1 1.HH 1.1642 f.t3t2 t.1'43 f.1-422 1.3J6S 
8 t.HH ,.1218 ,.12u i.1464 8.3457 1.4922 

' 1.HH 1.11'1 1.1196 1.1358 1.3221 1.4578 
10 1.IHI t • .tH2 o. 1641 086613 , •• 625 2.1228 
11 1.HH 1.1988 t.1191 6.1179 lw476~ 1.59-44 

-----------------------------~----------~----------·---------·~-.. - •· - - - -~ -- .. -

• 
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TABLE VII-4 TOTAL SECTOR lffCONE NULTIPLIEFS DARWIN REGION: 
tttt••••••••••ttt•••~•••••~**C* 16-SECTOR TABLE 

------------------------------------------------------------------------------------------
SECTOR INITIAL FIRST INDUSTRIAL PROD'N CONS ·'it TOTAL TYF'E IA TYPE 18 TYPE II 

IMPACT ROUND SUPPORT INDUCED IHDUCF.D 

---------------------------------------------------------~--------------------------------
1 ,.ue9 f.1259 t.H38 ,.,296 ,.,2aa 9. 1594 t.2376 1.2722 1.4633 
2A 1.1873 ,.110 t.H27 1.1176 t.1388 f.2357 1 • li797 1.0941 t .2585 
2B t.3482 1.1948 t.lt 17 t.ti65 !.6683 i.5230 t . 2723 1.3l160 1.5123 
3 t.2339 1.8992 t.1146 t.1138 !J.0523 I.OH t.~242 1 .4866 1.71499 
4A t.1971 f .1321 t.0061 f.1382 ,.e354 l.27B7 t.163f t.1938 1.3732 
0 t.3172 1.1238 f.H42 1.1281 l.'1519 £1.3972 1,,1751 1. £1885 1.2521 
4C 1.4284 ,.,232 1.1155 f.f288 i.9687 f.5258 1.1542 1.0671 1.2275 
OE t.2854 t.t71t •. ,us 1.1886 t . 0562 1.4302 t.2~56 1.3116 1.s,n .. , t.2714 •• ,211 I.H52 f.1322 S.6~55 l.348t 1. ttU 1.1192 1.2873 
5 1.2721 f.1153 t.H26 1.1179 !.0436 f.3336 1.1563 1.1657 1.2258 
6 t.3199 t.1536 ,.,142 1.1678 ,.~583 f.4461 t .1676 f .2121 1.3942 
7 f .1434 t.1336 t.H52 1.1388 ,.127~ t.2896 1.2344 1.2706 L46f5 
8 f.4243 f.1323 t.H46 ~.6369 1.1693 1.5315 1 .t762 1.1871 1.2514 

' 1.3911 t.1331 t.H42 t.t373 f.0643 f.4926 1.1846 t.1954 1.2603 
u t.4158 t .1729 t.146'4 1 .. 2192 i.1939 1.7189 1.4261 1.5403 1.7?i8 
11 t.5691 1.1228 t.1134 t.1262 t .. 08t5 1.6848 1.f4H 1.1469 1.20.32 

------------------------·-·------------------------------------~---------------~----------

TABLE VII-5 TOTAL SECTOR IHCOHE NUlTIPLlERS TOP END REG ION: 
········•-•t••*•••*•~~•*****•~· 16-SECTOR TABLE 

---------------------·--------------~-----------------------------------------·-----------SECTOR INITIAL FIRST INDUSTRIAL PROD"tl COtlS'ff TOTAL TYPE IA TYPE 18 TYPE l! 
UIPACT ROUND SUPPORT INDUCED IHDUCED 

--------------------·---------------------------------------------------------------------
1 1.1136 f.1297 I.USS t.1352 t.0284 ,. 1773 1.2615 1.3197 1.5599 
2A f.1893 1.1193 I.H-i7 ,.,20 e.,ue 1.2541 1 .1621 1.f269 1.3421 
28 t.3541 ,. t f28 f.9162 1.1291 f.0923 &.57:53 t.3186 1.3643 f.6249 
3 ,.1194 ,.1219 8.H!J5 t.8274 f.U89 ,.~557 2.8774 204129 2.8739 
4A t.i994 f.1325 f.H76 e.a4at f.0458 1.2853 t.f632 1.2en f .. 4317 
48 1.3894 9.f31f 1.9876 t.B386 1. 1665 i.4145 1.10111 1. 12◄ 8 i .3396 
4C t.4275 1.1271 t.H7S f.1348 t.1883 B. S!Hl7 1.8634 1.0815 1.?.881 
4DE f.2227 fsf615 1.§212 1.19827 1.8583 1.3637 1.2761 1.3714 i .0334 
4F t.2883 ,.131, f.H88 ,.,uJ S.1628 6.3914 1. 1991 1.1398 1.Z575 
5 t.2572 f.1147 1.9626 t.1173 1.8524 9.3276 1.1572 1.1673 1.2712 
6 1.3193 1.15"1 9.61:57 i.9658 f.1736 1.4586 1.1571 f .2661 1.4365 
7 ,:uis t.'396 t.H77 i.1474 f.8365 1.22?3 1.2762 1 .. 3301 1.58~2 
a t.4264 t.'1353 1.H58 t.f4it f.1893 f.1.5569 1.1828 L t965 1.3059 
9 f.3898 t.1338 ,.oese t.1388 1.1819 t.5U5 t.1866 1.0995 1 .. :rn1t 

ti 1.4115 1.1718 lo0457 t.2166 i.118t t.7361 1.4255 t. 5J94 1. f;J:3:5 
11 t.6127 ,.,262 t.H46 l.8Jf8 e.1211 e.7545 1.8434 1.0511 J.2519 

--------------------------------------------~-~-----------------------------------------~-
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TABLE VII-6 TOTAL SECTOR INCONE MULTIPLIERS NORTHERN TERRITORY: 

·····················•t••······ 
16-SECTOR TABLE 

·----------------------·----------------------------------------------~---------~----·~-~--IECHI INITIAL FIRST INDUSTRIAL PROD'N COttS'N TOTAL l'YPE IA 'TYPE IB TYPE U 
UPACT ROUNI SUPPORT INDUCED INDUCED 

------------------------·-----------~---·------------------------~-·~-------~-------~-~---
' 1.1151 1.1312 1.HS4 t.1367 t.1328 t.1846 1.2115 1.3185 t.,t36 
2A 1.2151 ,.,214 1.1143 t.124? t.1497 . t.2796 1 ef9f6 1.1296 1.3629 
21 t.3481 1.1171 t.1155 ,.122, f.1117 e.5723 1.3177 1.J$22 ·-~446 
3 t.1317 f.1231 '·'"' t.U99 · 1.1133 t.i74' 1.723' •• ,418 2.:uu 
4A t.2H3 1.1366 f.tl81 t.1453 t .. 153! t.2981 1. 1121 1.2261 1.013 
41 1.3189 I.Htf , ... 11 1.139' •. ,1, .. f.4241 1 .. 1134 1.1284 1.3724 
4C 1.4275 t .. 1274 t.H16 1.1351 t.1tH la562S 1. 8641 1.1818 1 w3f 57 
411 t.2261 1.1652 ,.,21:1 l.t8'9 t.167& t.3815 t . 288:S 1.3838 t.ti831 ., 1.2816 1.1324 .... 88 1.1411 ,.,111 1.3'97 1.1125 1.Hll 1.3961 
5 1.2551 . ,.,n, t .H23 ,.,u2 t.1581 f.3299 1.1545 1.163S 1.293, 

' 1.3211 t.1481 .... ,, t.1631 t.183' t.4671 1.Uff 1 .. 1965 ,.~552 
1 •• '438 1.1392 1.H73 1.1465 1.1411 t.2314 1.2726 t .. 3230 1.ot1vt 

. I 1.4213 1.1365 I.HH , ... 423 .. "" ,.sn, 1.18'8 1.1116 1 .. 3S~!> 

' 1.3928 1.1333 1.1148 I.HI! t.ltl2 1.5241 1.1841 '·''" 1.lJH 
11 t.4121 1.1716 1.1451 1.2167 t.1338 f.1521 1.4267 1.5391 1.a,rn 
11 '·'"' 1.1263 I.H43 l.tlf7 t.1319 1 .. 1154 1.1434 1.1515 1.27/J 

••••••••••••••••••••••••••••••••••••••••••••-•---•••~•-•••••*e••••••••••••••-•••-••~•-~• • ~ . 
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TABLE VII-7 TOTAL SECTOR ENPLOYNEHT MULTIPLIERS DARWIN REG ION: 
•••••••o•••••••••••••t•••••••****** 16•-SECTOR TABLE 

••-•o•••••-•-•-•-•--••----•-•---•-•-•---~------••----•-----•---•---•-•---•--••--------~••-
SECTOR IHI TI AL FIRST INDUSTRIAL PROD'N COHS'li TOTAL TYPE IA TYPE II TYPE 11 

INPACT ROUND SUPPORT INDUCED IHDUCED 
---~---------------------------·---••e-~••--------~------d--#------------------------------

1 t.1822 t.1124 f.tH4 ,.1121 ,.1121 t.1972 ,.nu 1.1558 1.18i4 
2A t.6194 1.1161 t.Ht3 l.fH4 t~Hl1 1.6289 !.H99 lsf103 1.11;5-t 
21 ,.tt94 '·'"' '·"" f.1115 101169 t.ft27f 2.1111 2.2192 2.9514 
3 ,.,2,1 ,.,115 t.H-14 

'·" 29 
t.H53 ,.eJse 1.5548 1.6216 1.87?5 

4A l.t248 t.1123 t.HU t.1133 t.H36 1.1416 f. 081 1.5371 1.681? 
48 1«1667 · f,H24 I.HIJ 1.H28 f.H53 f.1747 1 .1361 t .1414 1.1202 
4C t.'626 ,.,.,. , ... , .. I.Hts ,_,..,, ,.~713 t .&229 1.1284 't .1395 
4DE ,.1111 1.1138 I.HU 1.H51 t.H57 1.12n 1.3748 f .5113 2.1627 
4f' 1.1247 ,.,12i t.tH4 laH2!S 1.1146 ,.nu 1 .0853 1.1024 1.289i 
s t.1142 ,.1112 ,.,112 1.1114 1.1144 f.12H 1.4'838 1.0956 1.4054 

' t.1238 t.lt32 '·"" I.H41 I.H:59 1~1338 t.1341 1.!712 104136 
1 ,.,22, ,.,ns '·"" t.H3' I.H28 1.1287 1.1588 1.1789 1.li49 
8 t.1332 ,.112, ,., ... t.H3J t.H71 1.1435 1.1874 1.1981 t.3191 

' t.1351 I.ti:!! 1.tltl I.H33 t.H65 t.1449 1.H42 1~1942 1.2797 

" f.1234 •• ,121 I.H33 '·""' 1.1195 f.1489 1.5448 1.684' 2.fl919 
11 1.1411 f.HU I.HH f.H21 f.H91 t.158' 1.1391 1.1445 1.2343 

••••••••••••••••••••--•••••o••-•••••••••••••••••••••••-••--•••--o-•--u---•--•---•~•~-•----

TABLE VII-8 TOTAL SECTOR EHPLOYMEHT HULTIPLIERS TOP END REGION: 

············$•*••··········~••*•*~* 
16-SECTOR TABLE 

••••-•••••••••••••••••-••••••••-••-•••-•-••-••••-•••-•-•-•-•--r•-•---•---•-•---•--•••-•-•-
SECTOR INITIAL FIRST INDUSTRIAL PROD'H CDHS'fi TOTAL TYPE IA TYPE 18 TYPE !I 

IMPACT ROUND SUPPORT INDUCED INDUCED 
--------------------·----------------~-Q---~-----~---------------------------~---~----~~--1 I.HO ,.1129 t~Hll7 l.0'133 I.H31 ,.1115 1.1516 1.1593 1.1958 2A 1.6397 ,.,ut .t.HIS I.HU t.HH i.6517 f .H95 1.,u .. 1.1173 

21 ,.,tu 1.1135 I.HU ,.,1st ,.1111 i.1363 2.215' 2.J618 3.:U79 
3 '·"" t.H25 t.HH ,.,nt t.HU ,.,tu 1.l558 1.4487 1.5831 
4A ,.uu ,.,134 0.11114 t.1148 I.HSI 1.§411 1.6263 t.6942 1.92/9 
4D t.1552 I.HJ3 ,.,,,1 ,.,eo GcH72 1.0665 1.1597 1."72' 1.21339 
4C t.1668 t.H21 '·"" I.H21 I.H96 9.1792 1.1318 1,.f◄fS 1.1545 
4DE t.1179 t.1142 f,8118 1.H60 Q.H64 ,.,202 1.53t, 1.75¢5 2.5625 4f 1.1326 t.H29 ,.1111 t.H37 1,H68 f.1431 1.0989 1. 1135 1.3234 s 1~1126 1.1112 I.HU O.H14 1.H57 t.1197 t.1964 1. lf 38 1s56~,4 
6 1.1236 t.H38 Q.ltU t.H51 I.UH ,.n66 t.1613 ,.21sa 1.5553 
7 1.1241 t.1146 I.HH t.HS-' I.HU 0.1334 f.t924 1.2263 1.J~2f a 1.1329 t.1136 t.HH t .. H4i t$H97 f.1461 1 .1183 1" 1252 t.4212 

' ,.no t.HJJ t.lH5 ,.,us t.H89 t.f476 t .ns, 1.1112 1.3662 
11 1.1219 1.1129 fslf37 1.1165 f.tt29 s.,sn 1.61:54 1.7904 2ff4055 

" 1.1661 1,1125 ,., .. , t.H29 f.1132 f.1828 1.1374 1.9-442 1.2'42f 
•••••o••••••••••••-•••••••••••~•••••••-•••-••••---••••--•-•e-•-----~--•-•-----------~-~-g-
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TABLE VII-9 TOTAL SECTOR EMPLOYMENT MULTIPLIERS NORTHERN TERRITORY: 

. ··································•*** 
16-SECTOR TABLE 

•••••••••••••••••--••••••••••-•"---•-••---••-•-••-••-••~•-•-a~•~--•~---~---~•-•-- • • • - ----• 

SECTOR INITIAL FIRST INDUSTRIAL PROD'N COHS'ff TOTAL TYPE !A TYPE U TYPE U 
lftPACT ROUND SUPPORT INDUCED INDUCED 

-------------·----------------------~------------------------~----~------~---------------~ 
' 1.1157 

'·" 14 
t.Hto •. ,121 1.HH t . 1911 1.1s12 f.1334 1.197? 

2A 1.6138 ,.,,,3 , ... ,s I.HH t.H45 f.6281 1.a1s2 1.tU6t 1.1233 
28 ,.,na 1.112, I.HU t.tt43 t.H92 1.1393 1.8168 1.9'7,4 2.4931 
3 I.H12 1.H26 1. Ht7 i . H32 I.HU ,.,11, 1.3582 1.4523 1.6296 
4A ,.,215 f.1138 I.H17 1. 1155 t.H48 1.1418 1.6414 1.121'.3 1.9446 
48 1.15,e ·1.1131 t.HH f.H37 f~H68 t.1663 t.tSO 1.1664 t . 189t 
4C 1.1669 .... 2, t.HH . .... 2(, 1.1191 1.1784 1.129' 1.§383 1.1142 
48£ 1.1181 t.H43 ,.1111 f.Hltl .... 61 ,.,212 1.3271 1.7373 2.4978 
4F ,.us, 1.1128 , ... ,1 1.1135 t.H65 t.1456 1 .1775 ,.,9811 1.2792 
s 1.1122 t.H11 t.Hf2 f ., Hf3 t . H5l l ollH i.Hfl 1.1137 1.:u21 
6 1.1242 t.H34 f.Ht1 t .. H45 t.H75 0.nn t. 13913 1 .. 1965 1.4978 
1 t.1115 t.1139 t.Hl7 I.IHS I.H31 ,.,211 1. 1967 1.23H 1. 4226 
I t.1332 f.H34 '·"" I.H39 i.H91 •~1u1 1.1132 f,t181 1.J?:21 

' 1.1285 I.H28 t.ftt4 t.H32 1.1185 t.1412 t.t9H 1.1132 J .4192 

'' f.1216 t.1123 f.HJ4 f.i1S6 ,.,122 t.1484 1 .5944 t.7517 2. 3466 
1t f.1526 t.H22 t.lH4 l , H26 ,.,12s 1.161'1 1.1421 1.1492 1 .. 2873 

-·-------~-----------------~----------------Q·----------------------------~-------~-~-----

• 



TAil£ VIJI-1 DIRECT COEFFICIENTS, 11-SECTOR TABLE: DARUJI RE&IOH 

--------------------------------------------~------------------------------------·-------------------ISECTOR 1 2 3 4 5 6 7 s 9 H n H-H I 

------------------------------------------------------·-------------------------------------------------1 I ...... '·"" . ..... I.Hl2 , ...... ...... ...... . ..... ...... I.H11 e.HH f.t"Ht 3: 

~ 2 l 1.1165 t.lH2 '·'"' t.H22 ...... , ..... t.HH , .... , I.HH 1.Hl6 1.1191 ,.0,21: ;0 

3 I ,., ... '·'"' 1.1686 1.1!79 '·"" 1.1111 t.HH t.Hl1 ...... , ..... ,.eee1 I.HHI ►-I .. 
('"l 

: 4 • I.HSI 1.2138 1.1578 t.t2H .... 35 I.U42 t.ff.48 t.1114 t.Ht7 t.H35 t.H72 •• ,122: tt1 
I {I) 

: 5 I I.H83 1.1147 t.H'4 •• ,121 ,.,,12 I.HU t.1145 t .. 1132 1.1141 1.1478 l.'185 0.e128l 0 
I ' • 1.9182 t.lH2 '·"" .... ,, t.1279 '·"" 1.,ut 1.1271 I.IHJ4 1.2119 1.1254 t .. 1187: 'T.I 

~ 

I 7 I f .. 1363 1.1566 1.1179 ,.,121 1.Hl5 t.1176 t.1625 t.1244 t.1314 t.t2se ,.eu, e.:ne,: t::J ~ r 8 I '·""' I.HSI l.t4U t.1223 t.H52 t.1193 1.H88 0.1256 t.H8J 1.f189 e.H23 ,.,1 tf: ,_, 
tZ1 

' t t.HH 1.1391 1.1125 t.H35 I.Hf.t t.ft5f f.'324 t.H3' 1.1245 t.1378 e.te42 ,.,689: n 
~ 

1f : "·"" I.HU ...... , ..... t.HH t.HH ....... I.HH i.Hll 1.1223 e.HH 1.01711 n 
111 I '·"" , ..... f.Ht6 ...... t.tH6 t.H'1 f.1123 t.H57 I.H97 ,.,222 t.1049 t.1641: 0 > 

tTl "' f ff-ff f ,.t.89 1.3433 f.2339 1.2785 ,.2121 1.31'? 
'" 1434 

1.4243 1.3911 f .. 4158 1.5691 s.1111: 
,., ~ 
'T.I tl1 
1-1 z .... 

----••-•---••-•-••-••-••---••---------•a-•---•------------•---•------•--•-----•-••--•-•--•-------•------- a r::, .:7\ .... 1-4 .::,.. 
l:T1 >< . 
~ <: 
Cl) ~ 

T1UlE IIIU-2 DIRECT COEFFICIENTS, 11·SECTOR TABLE: 10P EHD REGION , .. ~ 
1-4 

.,_ ________________________ c. __________________ _. ______ > _________________________ ..,_,, ___________________________ .... 
I 

ISECTOt 1 2 J 4 5 6 7 8 ' u 11 H-H I rn 
t1i 

---------------------------------------~--------------------------~-------------------------------------
(") 
--4 

I l l t.HH t.HH t.HH f.H46 I.HH f.HH t.HH I.HH 1.HH t.1641 f.HH 1.e10s: 0 
~ 

I 2 I ,.t15J t.Hl2 f.HH t.Htl '·"" I.HH '·"" f.HH f.HH t.HS6 t.teet f .. t/;;20: >--3 
:' 

' 3 • O.HH '·"" e.12,e t.1953 8.HH t.H35 f .HH f.1111 t.HH t.HH e.H01 lolHfl ► • :,:i 

f 4 I l.fl48 t.258t e.H88 ,. u2, t.H32 1.t53t 1.HH t.1125 I.HIS t~H28 t.1087 1.1130: t'"" 
a tTl 

• 5 f t.1133 , ... 46 t.tH2 
'·" !5 

1.1166 I.Ht6 t.H46 t.H31 t.1144 t.1-174 0.9186 0.012s r en • I 

6 I 

'·'"' t.Hll f.'395 8.H79 1.1268 I.UH t.1131 ,.,2n t.1183 8.2161 1.8261 f,.1190: t 

7 t 1.1623 f.0576 t.Ht2 ,.tJ52 t.H75 1.1618 f.1119 1.U25 t.1429 t.i248 i.1345 0.21Hl I 

8 I t.tlltf ,.us, I.Hl2 t.1175 1.1845 1.1184 I.H88 1.1251 t.H77 f.1187 9.H23 e.120.: t 

9 I t.lH6 ,.nae I.Hit t.H21 t.Hll t.H4& f .,132,t t.H29 1.1239 t.137, f) .. 1042 ,.1210: t 

(11 I t.HH I.H48 t.HH , ..... f.HH I.HH I.HH I.Hat t.tHt ,. 1213 0.8181 e.01711 
r 11 I ,.11 ti I.Hf1 t.1122 I.Ht1 I.BH5 t.Hl1 tJ.H2J t.H59 t.H92 , .. ,220 , .. ,es-t t.fo31iH I 

S Jt .. H f 0.1136 f.3483 fJ.1194 1.2293 t.2572 t .. 3193 f.1~3S f.,4264 f.3898 t.4115 1 .. 6127 0.0,0,: 
---------------------------------------------------·----------------------------------------------------

1 

..) J .J _) 



TABLE VIU-3 DIRECT COEFFICIENtS, 11-SECTOR TABLE: KATHERIHE-BARKLY REGION 

-----~------------------------------------------------~--··-------------·--------------------------------ISECTOR 1 2 3 • 5 6 7 8 9 19 11 tf-H: 

------·------------------------------------·--------------------------------~---------------------------
1 I •~"" t.HH t.HH ,.1ut ...... , ..... ,_.,,, 

'·"" I.HH t.H41 '·"''" ,.,eee: 
' 2 I f.H58 .. , .. , , ..... f .. tfH f.HH t.tHI f.HH t.HH t.8811 ,.10u 1.10ft ,.0121: a • 
f 3 t f.HH '·"" t.1656 f.1181 t.HH lf.H21 ~.HH '·"" t.HH I.HH 1.H01 , .. ,010: 

4 : t.H43 t.1729 t.H8t 1.,2,s 1.HH t.1433 t.H18 t.H33 ivHH I.Hit f.1042 t.9276: 
5 I I.H64 f.1128 f.HH t.ttl9 I.Ht3 t.1128 1.1169 f.ff42 t.9252 t.1471 fl.f317 a.0140: • 
6 I t.1214 t.HH '·"" I.H93 t.1114 '·"" f.1112 f.1351 t.1138 f.2148 •• ,288 ,.107(,: • 
7 I 1.1362 1.1361 '·"" ,.,196 O.HJ2 8.1259 1.1527 t.1283 1.1317 f.1247 a.t183 e.11Jt1 i 

8 • f.1161 I.Hl9 "·"" ,.,t:53 t.H57 t.H79 e.H-47 ,.,us t.H69 1.1186 ,.,024 t.1650: a 
? I l.fH2 '·"" t.HH l.tH5 t.tH2 t.H22 "-1179 ,.,112 1.1171 1.1373 ,.1012 f .t661: I 

ti I t.BOH '·''°' f.Hl5 '·"" f.HH t.HH , ..... I.Hit '·"'" 1.1206 9.HOO 1.8079: 
i 1 I l.itH t.H11 t.HH "·""' f.Ht4 t.tH1 i.H22 t.H37 f.H65 t.1219 t.1034 ,.,ne: I 

: H-H I ~-1151 1.31]9 t.1577 f.2547 f.2484 t.3288 , ....... fo43'4 , .. u2e t.3998 8.6Hi 8.HHI 

-----------~--------------·----------------------------~------------------------------------·---------·-· 
..... 
°' ?.OLE VII I~ -t DIRECT COEFFICIENTS, 11-SECTOR TABLE: ALIC£ SPRINGS REGION 
(.j1 . 

------•--•--••.,.-•--•-----------•---•-•-•-----••----------•------------------------••-------•--w••---------~ 
ISECi'OR • 2 3 .. 5 6 7 8 9 tO 11 H-H l I 

-----------------·-------------------------------------------------·-------------------------.. ------~---
1 t f.HH t.HH I.HU f.f!,36 t.HH f.HH '·""' I.HU I . HU f.H41 fl.BBM a.e,,01: ~ 

2 • ,.,134 I .. H77 I.HH f.Hf2 '·"" t.HH f.HH 8.HH I . Hit l.fH1 1.19H ~.0101: • 
J J t.HOI I.HH 1.3634 ,.,245 '·"'" lJ.H41 I.UH t.Het f eHH S. HH ,.,002 1 .. ,;0e0: 
4 I f . H-48 I.HU 8.1271> 1.1852 I.H15 1.1149 I.H32 1-1117 f . lH5 t.H2t e.,&74 0.6121 l 
5 I 1.HH I .Un 9.IH1 t.HSJ t.H47 I.H18 I.HU 1sH2t 9.117-1 1.1476 f.1292 f.tH2f I 

6 ' t . 1197 I.H7i '*"" 1.1199 t.1189 I.HU 1.tt32 l.t/213 S.0139 e.2u9 B.1224 8-0227: t 

7 • t.f58fl ,.,sn ,.1111 ,., ... 5 1.1162 •• ,548 ,.,969 t .i467 , •• '438 ,.,249 e.12e• t~2119l ' 8 I t.H83 f.,H77 1.1115 !9.1268 1.8171 t .1117 f.H64 f.i199 a.H6t S.6188 1.en, 6.05611 I 

9 f I.HU f.HH 9J.HH ,.,se9 1.1ee2 I.H49 f . 1319 f . lH4 t.9194 i.6376 !l.6116 O. t63Gl 
u I f.HH i.HH l.tH1 f.HH ,.e011 t.HH ,.uu f.HH I.Hl1 t.1217 ,.,u" D.H691 ' 11 I ,.at 16 fJ .Hee t.H13 I.HU l.6H5 t.Htlt e.u2s t.U97 f.fH6 tl.122 1 9.0063 0.f638: I 

: H-H: t.1155 f.2515 ,.1221 1.2671 t.2531 f.325f 9.1441 t.3957 t.3963 f .4122 1.6132 ,.,0,0: 
----------------------------------------------------------·---------------------------------------------



T~HE VI:U-3 DIRECT COEFFICIENTS, 11-SECTOR TABLE: NORTHERN TERRITORY 

------------------------------------------------------------------------~-----------·-------------------:SECTOR I 2 3 4 5 4 7 8 9 ff 11 H-H: 
--------------------------------------------------------------------------------------------------------

1 t I.HH I.HH t.HH O.H84 J.HH t.HH i.HH t .. HH I.HH I.H41 ,.1010 t .. HHI • 
' 2 ; 1.114' I.IH6 I.HU t.Hi2 ii.Hit 1.HH t.HH 9.HH t.HH ,.,106 8.8il0i e.012.,: I f 

I 3 • t.HH '·"" t~1261J f.lHi . -- fwHH ,., .. , l.fH1 t .. l'H01 • I 1.1951 f.HJ6 t.HH t.Hlf .... .. I t.H57 1.2353 •• ,121 ,. 1426 O.H26 1.1391 I .. H51 1.112, ,.,118 IJ.1129 0.0183 9.0137l (J\ • °' 5 I t.H55 t.H48 t.t6i2 f .. tt37 t.H67 t.H2t If.Hot t.HlS 0.118-4 f.1475 • .• 1224 0.t130l . • 
I 6 • •• ,214 f.Hf4 t.135~ f.H82 t.1235 t.HH t.Ot31 t.S269 1.1172 1.2164 9.9258 0.0187: J • • 7 • tl .. 158' t.1572 1.1913 ,.n~u 1.0066 , •• 576 f.0%1 1.1424 t.f425 t.12-48 e.e3ta f.239t: I • 

8 • f.H8t e.H5l l~H51 1.1241 i.HSS 8.0113 8.fif11 1.1282 t.H74 ,.etsa 0.H27 0.0111: f 

9 • I.HH t.1384 I.Hit I .. H18 t.SH2 f~H45 l.ll3f2 t.H21 ••• 2"8 t.1375 i.1031 f .. 1543% I 

11 • f.HH f.H-98 ,.,sen f.HH I.HH 1.HH I.HH f.HU I.IH1 t.t215 e.0,ee e.e~1i: • 
11 I S.1115 I.HH t.H25 I.Hil I.HIS I.Hit f .. "62~ t.H66 I.HSS ,.,22, 1.H56 f..M4fl • 

I H~H: i.1151 1.3412 1~1!3t7 t.2335 f.,2551 S.32U f.1438 f.4213 t.3928 t.-4921 1.6069 e.e010: 
-•---------~•--•-------~----~•--------•--•~-----•------------------•-----------•-------------w--~--------

) ...) _) ..) 
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!tBU Jl-J JIRECT COEfFlCXENTS, 1,-sEClOR TABLE: HQRTnERN T£!RlTOnt 

----~---------~------~---------------fl·------~------------·--------·--------------------------·--------------~--~-------·~~---------------------
!SEC.IOI • 2A 2~ J 4A 4! 4C 4J.l£ 4F 5 6 7 a 9 11 tt lt·H I • 
-----------------------~------------~-------------------------------------------------~--------------·~---·--------------------------------·-----
I t r t.HH l.fHi tt.HH t.HH l.f775 t.HH '·"" J.HH f.HH f.UH f.HH ,.nu f.Hlll ll.6Ut f.H41 t.HH I.HU: 
I 2;. • 1J.1rni ,.en, B.Hat ii.UH ,.un ii.Hn 1'.HH t.HH f.tH2 I.OHi t.HH t.HH l.ietG ti.flffeQ f.1313 f,H"·" a."a.e: 
I 2i I I.UH i.UH ~.HH B.HH ,.u1e t.HH t.111116 , ..... o.tH2 i.HH f.HH I.OOH f.lif0; ,.cut e.ee0! f,H!11 f.0121: 
: 3 r ,.au, O.tH4 f.HH e.12H f.HH f.HH I.UH t.1187 ,.,2n ,.u,o t.HJ6 g.HH f.H01 i.HU t.Het ,.,01 i.fi.ll'1l 
t 41\ t I.Ul2 ~.H16 lJ.ltH f.8124 f.fHi7 l.fH2 f.HH t.HH f.Ht6 o.n112 fj.§(ltf I.Hit t.Hi6 o.,ete !i.HU ,.,11U2 0.1084: -• r 41i • i.fHf t.fiilf i.11131 f.Hif.t t.lH1 6.fll] t.HH f.fH2 l.fH4 f.H1'1J 1.eut f.HIO t.H01 0.0IG2 i.lH:3 il.HH S.'1119: a-• 0:, 

I 4C i ,.,us l.ihl12 w.04H '·""' f.faft E.HH ,.nu f.Ht2 f.Hi2 ,.Hn t.Hft t.Hif !ll.fS6-1 f.10§1 f.SGtt t.lH5 I.Hf8i , 

I 4Di l o.,u, l,HH I.HH O.Ht4 ~.tt5J f.fJ54 1.e:;n f.1657 ,.,.n t.3H9 f.1267 t.lHO ll.H29 8.ff/01 ~.0f09 t.H33 I.Ht4: 
: ilF ' d • .Ut'I fi.Hl9 e. u,11 §.H37 §.1118 ,.un I.HUI I.H17 ,.,nt ~.Hl4 I.H12 I.H23 f.et27 6.H05 a.1m,& I.H21 ,.0112: 
I ' • f.H55 f.H:53 I.H1i I.Hi2 f.H82 f.!JfH9 1/1.Hol 1.8153 f.H91 f.H67 f.H.'J f.HU 6.HJ5 •• ,134 f.f47J 1.1224 a.ernn I 

: A ' f.il214 IJ.HSS ~.HH S.1350 f.HS'J t.1669 f.H3f l.0'1132 1.1197 6.t'.?J5 a.t!l9'~ •. ,u, 1.0269 fi.0172 i.2tM f.1258 t.ft87l • 
' 1 I 0.'1~89 ,.,u7 t.057(! ll.UU t.1382 t.115V9 e .. u2, 1.1334 I.Bl92 I.Hoo f.t57o 0,1961 f.6~24 8.0425 i,.e2-t9 f.!318 f.239\I 
I 8 I i.HE.11 1.in-1 O.H51 8.H51 ,.,155 f.1'3:l t.61137 ••• 271 il.&a83 P.H~& ,.at1J 3.11! 1t f,iJ292 B.1~74 O.fl88 f.G0:?7 , •• 1111 
I 9 t t.HH ,.,u2 1'.f4U I.Ht~ i.Ht5 ,.,u;; f.Ht9 t.Ht7 I.H36 l.@H2 f.H45 f!.t3ft2 f.H2t 8.B2tlil S.111375 I.HJI a.1s"3: 
llf • f.HH f.UH ,.us, I.HD2 I.UH f.HH f.HH '·"" l,HH f.HH 9.HH t.iHf f.HU #.Hilt l.'2?5 l,HH e.Hn: • 
111 ' I.fl CS f.Hf7 t.Hl2 f.ff25 I.Ht: t.HfZ f.HH ,.1111 i.fHt f.HBS '·"" f.H25 ,.eat& ,.10sa ,.,221 O.if56 1.1640 • 
: IHI l ,.11~1 ,.us, t.l·HI t.8317 t.2H3 f.H8? t.4275 1.2261 1.1.2976 t.25$1 i.J2tt t. 1438 t .421'3 ~.3928 !.4121 t.6h9 i.Hli.ll __ ,. ____ ., _____ ., ____ ... ________________________ ., ___ .,. __ ..., ___________ ,. ____________ .., ____________________ .,. ______ ,.. _____________ ,. _________ ._._.., ___________ ""'_"~----.. -----

_) 
J .J 



TAILE XII-1 !W£RS£ MATRIX, 16-SECTGR OPEi ~ODELs DARUIN R£GIOI 

---M~---------------••••w------•-••------•----------•-•---------•-•-•-••---•----------------~---------•-•-•--------•-•---•-••••••-• lSECTOi 2A 21 3 4A 41 4C UE 4f :s 6 7 a ' 1 /j u . . ••---~-~~----•---••--•••---•-•-•~------~-••--•••••--••-•---••~-••"-~-•---•--••-••u--•••---•---•---••••-•--•••-•-•--••---••••---•-•••--••-
I 1 
f 2A 
i 2i 
: 3 

: "'" 10 
I 4C 
I 4DE 
I -tF 
! ' 
I 6 
I 7 
t s 
: ' 
111 
iH 

t.Hft 
1.1167 
f.HH 
I.Hit 
t.HJ4 
1.IHl 
i.fH1 
t.flJS 
I.HU' 
l,Hst 
t.1196 , ...... 
C.Hn 

t ff.HIS 
t f,HH 
t f.iitf l 

f.lJHI 
1.lf,S 
I.HH .... ,1 
t.HH 
l.tH1 

'·"" I.HU. 
l1.H41 
9.H41 
t.H8a 
j,f-H8 
I.HU 
§.HU 
f,HH 
1.1112 

,., .. 2 
, ... 12 
t.Ht1 
1.1112 

'·"" f.HJ4 
1.15:Sl 
I.HSI 
0.1451 
t.H82 
f.H54 
1.16112 
t.lH8l 
i.eue , ... ,;, 
I.HU 

'·"" ...... 
I.Hit 
1.1742 
I.Hit 
1.1392 
1.123' 
I.HGJ 
IJ.147.f 
f.H85 
t.H29 
1.1127 
•• ,-t74 , ..... , 
f.HH ,.,n, 

1.1219 
t.1144 
t.H11 

'·"" t.123f 
t.Hl4 
i.H~4 
f.i315 
I.Htl 
f.H95 ,.,n~ 
f.117lt 
t.ft89 
1.1112 

"·"" I.Hit 

'·"" '·"" t.HH ,.,,e1 
"·"" 1,#1511 
,., .. 2 
,.,2n 
I.Hf8 
B.H4S 
t.H83 
G.1228 
IJ.f'f'l] 
!II.H59 .... ~, 
I.HU 

f.lHf 
t.fHf 

'·"" I.Hl5 , ..... 
t.H11 
1.,us 
.,sat 

J.HH ,.us, 
IJ.H5f 
B.1112 
,.u;-o 
t.H32 
t.HH 
I.Hit 

f.Htf 

'·"" i.HH 
t.1312 
f.HH 
If.Ht& 
I.H42 
1.1172 
f.H36 •.• ,1, 
i.tU5 
t.t\67 
,.n~u 
f.H53 
t.!il'H 
il.lH3 

, ... ., ,., ... 
f.HH t.HH 
I.HH · t.HH 
s.un o.Htz 
f.H2! f.HH 
t.Hfl t.tHJ ,~,n-4 1.1111 
,.,2,: 1.,uJ 
t .tt71 f.HH 
f.f12S t .H75 
l.ft12 f.1285 
f.0181 I.HU 
,.ttt2 .... :s, 
I.HU S.HI? 
I . HH f.HH 
rl.Ht2 i.H67 

'·'"' ...... 
'·"" f.H5& 
f.HH 
,.1121 

'·"" f.1664 

'·"" tl.H42 
I.H27 
0.12tf 
t.lH7 
1.1166 
t.HH 
t.HH 

...... 
'·"" i.Hff 
t.Hf2 
I.Hit 
t.H12 
l.ff12 ,.,ne 
I.H23 
f.U53 
t.1153 
t .1684 
f.f!U ,.,:n, 
t.HH 
I.H29 

I.Hie 
f.GIH 
f.HH 
f.Hl4 

'·"'"' l.fH'I 
I.H57 
!."195 
•• 1026 
§.0i3t 
f.9236 
t.i279 
t .1272 
f.9'43 
I.I/HG 
il.H6t 

'·"" f.BHi 
t.HH 
t.Hf1 
9.HH 
t.1016 
8.Hi2 
f.1936 
ll.1JH4 
t.it5" 
t.1213 
f.0352 
f.1095 
t .0265 ,.,sat 
e.a1r12 

I.HU . I.Hlftl 
f.1114 f.HHI 
l.£!e531 I.HtU 
f.H1:f f.H/141 
t.HH I.Hfft 
f.1036 f.Ht9: 
e.H2J ,.eHJl 
f.1442 1.H891 

e.tut '·'"tt r 
1.1513 t.11911 
f.2532 t.t21l51 
B,0398 tl.ffe&l 
,.,27, 1.0133: 
e.a472 l.ltS(H 
1.1394 a.aimu 
e.a262 1.HSt l 

____ .,w ____ .,,_...,. __________ - __ ,. _________ .,.,._.,. _____ ., ______ ,. ___ .,.~---· .... --.... - ......... ---------- ........ ----- .,...,._...,.., ___ ._ ..... .., .,,,, .. _________ ,... _____ .. _ ... _ .. - -- - .. - -------

r~,lE X!l-2 lHV£R5E MATRIX~ 16-,ECTOR GP£H "OD£L~ TO~ END REGION 
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I I 

21ft 
2i 
l 
,if\ 

i.O 
1 -tC 
l 411£ 
l 4f 

: ' 
: ii 
: , 
: 11 
l 9 
:11 
11t 

i.fHi O.H~t 
l.itS4 1.~tt;S 
t.HH f.Ufl 
t . HiJB §,H(IS 
f.Sf28 f.HH 
i.lfjfl , .... 2 
O.H1'4 l.~~22 
ll.H4l t.H2:! 
f.8122 f.H32 
t.H47 f.U34 
t.1214 l.tll2 ,.,n:» t.HH 
f.H7,t I.HU 
f.HU t.H29 
lJ.HH t.HH 
~.1113 f.Hf3 

,.e,11 1.1;,i 1.,163 ,.,,,, ,.,,,, 1.1s;1 t . ii~I 1.a,,1 1.11s, ,.,,a, e.a~os 
i . ~tf2 •• ,~~· t.i1.22 l.il§a f.6308 i,f90i ,.i,,J t.0Gii f.fJlf •• ~f~f i . ~ae0 
1.aae, e.1,lt 0.1011 ,.~1,i !.te~9 ,.,,~, e.,~i, ,.,e,e •·••~~ ,.,,,, a.,cd~ 
,.,,1:1 1.1ie? , . tiJ7 ,.,,,a t.ttt3 e.t11s t.5~37 1.§11, t.f?9f , . e,ae ,.0,1a 
t.1115 , •• ,1~ t.~2,, ,.,,,, 1.tG11 1.,112 1.it1a ,.,,,, 1.1,vt e.1an1 ,.,ioe 
t.ifJJ i.lttf ,.,,,4 i.1)44 ,.,111 f.itl5 •• ,,,s O.ie~J ,.11:2 1.1a12 ,.eGJ4 
,.a483 ~.0143 0.e,nt 0.,,12 1.1134 e.0111 1.1115 j,ee,& ,.,,,, ,.,113 ,.ie,, 
f.fts, J.ff84 1.1249 !.1462 f.1769 t.2151 1. f669 1.0162 t.1713 f.9143 S. t112 
l.2et6 t.tf~f f.fif7 f,65t& !.lfl5 t.4flt i.1149 t.Sii8 i.1521 t.if36 i . 0934 
1.,,a2 1.tif6 ,.,,,, f.it5t i.116~ ,.11,, ,.,es~ 1.ti61 ,.,e44 1.1111 1.1939 
s.,to4 ,.14s• ,.,123 ,.,t93 1.11,a t.1104 a.,12a 1.1214 1.,e-12 1.t16s t.9297 
,.u9~ t.Hss 1.a,2• ,.,nl ,.,-1n a.iua:s i.,.H98 0.1119 ,.,ns t.11i5 1.,s11 
1.1187 f.1145 1.1146 6.1126 t.1193 1. ,2,3 l.~f82 f.tt,1 l.1!33 f.f197 1.@268 
t.f45? ,.,,,o f.llJ7 l.fl6i 6.1141 •• ~i41 l.ii6t ,.,its 6.1177 1.1372 ,.aG~I 
1. 0157 1.1110 ,.,,,§ ,.,,,, ,.,s,, t.tGif ,.,,,, J.a,ae D.•~•• ,.,e,, ,.1109 
f.tlt f l.ff2o i.lft8 1.1116 O.ltl2 f.Oft8 1.1113 t.fff~ t.lllS I .IOJf t.8~63 

o.assa i.C046 
e.10,e t.t3ttt 
1.teea e.se0:s 
0.0117 i.H?6 
9.fH'3 i.Ui1 
I.HIS i.et33 
i.H62 9.flil9 
11.1038 !1.G4V 
0,(61117 lii.!:GU 
l'l.11S5 f.5568 
11.821H 6.:2512 
!.f51:S f.15i!it 

.i191 0.026l 
1.1251 a.,u7e 
0.eee1 1.1JGiJ 
1.H'il> e.eu.i 

t.Hfl 1 
t.fH~: 
, •• (6111 
i.a:t,71 
i.H18I 
1.11119; 
t.tH-41 
t.11,:s: 
t.UHil 
0.11931 
s.,:n1: 
S.1411!: 
f.Qf341 
t.00591 
tJ.H?if 
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TABLE X-3 INVERSE HAiRIX, 11-SECTOR OPEN MODEL: KATHERINE-DARKLY REGION 

----~-------------------------------·-------------------------------------------------~--------
fSECTOR 1 2 3 .. 3 ' 7 8 ' 1f 11 I 

I 

-----~--------------------------------------------------------------~----------------------------
1 l l.fHJ t.H32 t.H94 ,.e44t t.HH loH19 t.fH1 I.Ht2 t.HH l.at52 t.H02: 
2 I 1.1158 1.HH I.HH f.H11 t.HH '·"" leHH '·"" t~HH S.fH4 ,.1011: 
3 i folH2 t.Ht5 J.17H ,.,us '·"" Lt.Hlt feHf1 I.IH2 t.lH3 I.HIS ,.10021 

• ' f.Hcl ,.,7-41 f.HS7 1.1221 I.HIS t.H4-t 8.1126 feHSI 1.9118 1.9125 ".H56l 
5 I t.H72 I.HU f.H91 t.1117 1.HH t.H36 f.H77 t~H47 t.1259 11.i568 9.8322: a 

6 I ,.,2u I.H2t l.fH2 0.1124 ,.,1ti 1.Ht2 1.112• f.1361 1.1153 f.24713 '*12971 
1 ' f .. 1396 t.t4H t.H'2 i.8237 1.1139 ,.,287 1.1565 t.1314 lol3l5 9.1397 "·•2is: . 
8 I t.H66 l."953 1.fH2 0.1164 I.H59 1.H89 I.H53 1.1112 t.H75 ,Gt215 S.SfJi: e 

9 I f.HH IS.HH lcHH f .. 1117 1-HH •. ,124 •. ,ta4 '·"'" t .. H74 1.1436 §.19141 .. • , ..... 1.HH t .. Hf6 6.HH ,~HH f.HH loHH '·"" t.HH 1., t371 t.lH6: l 

tt • ,.,u1 t.H13 t.HH O •. HH I.Hill f ,, Hf2 t .. H24 I.HlS t.H67 f.9256 1.H35l • 
-----•---•-•--•---•------•-•---•--•--••--•-------•••----•-----•------•--r-••---•--------•----•--

I-' -..., 
0 . 

!ABLE X-4 INVERSE N~1RIX, H··SIClOR C!PEN MDEL: ALICE SPUNt;S REGlOM 

--------------------·-------------.. ----- ... -~--------------------------------..,.-------------------·-.. ·-~ 
1S£CTOR 1 2 3 • 5 6 ] a 9 u 1 t : 
-------·-------------------------~-----~------------------~----------------------~--------------

1 I 1.SHI '·"" fl ~RH2 f.1139 i.HH f~Ha.t 1.HtJf I.Het e.uee t.0148 e.010-11 , 
f 2 I S.f!l:1 1.Hit1 f.HH I.HU I.UH I.HU t.HH i.fHf t.HH 9.0012 t.8010: f t 

l : f.991)5 t.!H1 1.5727 t.1423 i.Hi3 ,.,us tl.39'4 rJ.HH t.Hf2 I.HW f.S0S9i 

• 4 6.HS2 t.HH ,.t-477 L,4'964 i~H4f f;. t157 I.H58 1.0159 f.H28 6.0324 9.0t 1 t: I, 

5 i t.U54 <#.HSl I.HH #1.H'tl 1.H49 t.H:U i.H74 I.H29 ,.tf84 i.5'569 ,.12,a: 
6 • 1.1213 I.UH I.Hf7 1.11124 ,.tf 94 1.0125 1.1156 ,.,219 ,.,uso 1.25~9 0.G236l I 

7 I l.16i7 1.059t t.H-tl ,.e~n, t.H87 i.t673 1.11'8 t.@553 t.1514 .t.9532 0.0341: I 

8 i i.U'/6 I.U8o t.H38 1.1387 t.H77 ,.,t56 f.H79 1. 021 ~ f.H71 i.~269 0.9040: I 

: 9 : f ~H27 l~H2f ,.1112 ,.1120 t.HH ,.oen 1.1362 1. HZ3 1.f216 f.1468 , • e;;29: 

' 1t I "·"" I.UH fi.0H2 i~fiaH I.UH 8.Z0H I.HH I.HH S.ilHt 1-1396 9.f>HfH 
111 ' t.'12il I.Ht3 1.ftl22 I.IH6 t.HH I.DH5 t.H35 f.fHi2 t.H9t 0.0263 1 .. Ho~: ; 

-----~--•--------~-------•------------•-------u----•-•--~~------•~----------~-----•-•-----•-•----

) 

..J _) .J 



TABLE X-5 INVERSE "ATRIX, 11-SECTOR OPEN NODEL& NORTHERN TERRITORY 

-------------------------------------------------·-------"-------------------------------------ISECTOR 1 2 3 4 5 ' 7 8 ' rn 11 I 
I 

------------------------------------------------·--------·-------------------------~~---------~--
t • 1.IH1 I.H24 t .. iH2 f.H99 ,.1111 ,.uu l.tH1 f.tH2 f.HH a.HSI 0.10111 t 

2 • 1.,ut 1.HH I.HH I.HU I.Hit f.lH2 t.HH f.HH f.HH 1~1018 ,.aee2: • 
3 • I.Ht7 t.1312 1.1468 IJ.1277 I.IH9 , •• 219 I.Ht1 t.H23 t.Hl6 S.0161 0.0119: • 

' .. ' f.fU48 1.2171 1.1229 t .1721 I.H71 f.UU t.1195 l.tt9b f.H47 f.1462 t.lH6l .... 
• I " :s f §.H67 ,.,u;; 1.Ht8 f.#168 1.H7i ,.H49 t.H76 t.H45 1 .. 1196 f.1575 a.0n2: .... 

% . 
6 : 1.1223 1.H74 t.t4t7 t.tt62 1.12-41 t.H38 B.'1!l9 f.8290 e..t193 f,.2513 •-~2741 

I 7 • '·"'' 1.1777 f.H56 ,.,ol t.H95 t.1717 1.1 U1 f.8514 ,.esa4 f.1543 {l.{6371: ' • 
1 8 : ,.,10, •• ,138 f.H71 t.1307 t.Ho6 ,.,t68 0.§134 1.,tJtS I .. H89 e .. 0275 e.104s: 

9 l t.HJ2 1 .. f424 t.Ht5 O.H39 t.Hl7 f.fli72 f.fJ.t,t feHO 1.1230 1.1468 (i .. 1044: 
HJ ' , ... ,1 I.H54 t.Ht2 I.UH t.HH f .. Hft t.HH f~ffBf ,.ue1 1.1383 I.GHt: t 

t1 I t.tlU t.H21 t.HJi I.HU I.HU t .. HIJS I.H32 t.Hn fl. jf!Ji?J 9.9261 1.0859: 

--------------------------------------------------------------------------------------------·--~~ 



TABLE XI-; INVERSE iiATRIX, 1f-SECYOR CL.OSED HOD£U DARLIIN REGION 

--------------------------------------------------------------------------------------------------------!SECTOR ' 2 3 • 5 6 7 8 9 u 11 H-H: 
--------------------------------------------------------------~-----·------------~----------------------: f : 1.1111 ,.1118 t.Ht7 1.H37 t.Htt I.HU I.HH '·"" f.Hf1 1.H15 ,.0",1 e.ue1: 
I 2 ' '·''" t.H18 t.Ht2 t.H34 l.flH7 I.HlJ I.HB5 feH12 ·I.HU t.H23 f .. Ht5 1.9024: 
• 3 t , ..... t.H47 1.1776 fJ.1222 t.let4 f.H48 I.HU t.Hf7 t.H63 I.HU 0.0107 s.eoas: ~ • , ..... 

f l 4 ' 1.1169 1.2455 t.2133 t.!533 1.,u2 1.1866 1.1133 f .. f:!H f.t154 1.1658 131279 f.!.246! z I < • 5 I ,.,110 ,.,177 t.lf 62 ..,212 1.1132 t.Blt5 f.H91 ,.et31 i.!234 1.1695 ,.9307 '1.'1t96l m • • ~ 

' ' 1.1242 1~1213 •. ,us t.1236 1.1377 1.1149 •~1211 t.1433 ,.uu t.2731 ,., .. 55 t.f3t9: (,J:. 

t-:1 
f ., r , .. ,785 ,.t842 t.1123 f.ft,4 1.1818 ,. '233 1.1167 1.1494 1.1483 t.2136 ,. f 738 9.26461 ~;>' 

' 8 f ,.,1u ,.,198 f.,156& ,.,337 ,.111, 1.1218 f.1135 !.1354 1.117B t.1378 t.Sf37 6.1175: ► 
' 9 I t.1153 t.H.fl t.1348 ,.,369 ,.,211 t.1416 t.1522 ,.,-t63 t .f65S Bo 1141 1.9593 1.99121 S3 • H 

11 l f.H14 t.H97 fafllt t.H33 1.H27 f.H36 ll.Ht7 f.H-tJ , ..... , t.t452 8.0156 e.00113: (1 
M 

11 ' t . t2U 1.1359 1.1277 t.1269 f.1227 l .. il295 f.1168 ,.,o, 1.1427 t.1737 1.f51J , •• 760: "J} 

: H"H l t.1644 6 .. 5169 1.3876 1.4123 1.3333 ,.~425 11.2,n t.53f2 t.4931 1.718.t f.6854 1c1'fJ: .1 
0 

-------------"-----------------------------------------------------------------------------------·---·--
,,.,, ,~ ► "O I-' 

-0 ---.I 
Cf} tTI N 
m z .. 
n ::::, 

TASLE XI-2 lNVf.nSE ~ATRIX , 11-SECTOR CLOSED MeD£L; TOP END REGION la ..... 
X 

;o 
X 

-------------------------------------------------------------------------------------------------------- ~ 1-f 

► :SECTOR ' 2 l .. 5 0 7 8 9 11 t 1 H-n I ~ 
c-' 

------------------~--------------.. --------------------------------------------~--------------------·---- m 
(./) 

1 ' 1.Hff1 I.H15 t .. dU1 t.H55 5.1011 I.Hl9 B.tH1 f.i.SH2 t.HSt t.H50 6.3062 f.f002l . , ..... 
2 • S.3157 t~Ht7 f.H81 1.U2J 1.1017 1.6612 t.BHS t.H12 tJ.H11 6.023 f.i017 i.6024: ('j 

• t"" 
l l t.H24 o.e:rns 1.1402 !.1433 S.H22 f.1272 f.H21 I.UH f.H23 e.U93 9.0f45 0.06J6l 0 

en .. I t.9195 1.3219 ,.,21.s 1.1951 11.0169 t.1937 e.,u, l.t:Ho t.f178 G.1688 1.1342 l.~29fll rn 
:, 

' 3 t I .. HH I.it 9.3 I.HU f.1206 1.i127 t.1123 l.ttH t.ftlS ,.,2~5 0.1698 0.9327 ,.0211: ' • .... 
I 6 I t.1268 t.1242 •·••n f ~9J275 1.1371 1.i177 1.1228 B.6462 t.1355 ,.2729 ,.ese0 t.13521 d 
' t ,~ 7 ' cJ.1184 t.2159 t.G194 1.1393 6*8917 1.1986 t. f 736 ILY994 t.1777 t.238~ G.2284 0.2146! I 

8 I 0 . !!121 t.6259 I.H5, f.!3t5 l.t13l 9.9244 t.1164 1.i.U7 ,.e21J i.tH6 0.'1222 f. lJ296: 
._ , 

• 
r, • iJ.§279 "· t159 8.H78 t .1521 t.lJ-439 t.6681 1.0671 B.6783 It .1928 ii .144 t 0.1155 0.15721 ' 11 ' f.HtS IS.1!199 I.Ht4 t . H29 1.H26 t.HJ7 t.H18 6.H44 1.3142 1. H39 a.s000 t.10951 ' t1 f 1 .. 1232 ,.t30tl t.H62 1.12-45 f.§219 lgSl315 1~1179 i.fH27 fJ .ii4J1 t .. 1743 1.055.f 0.078il 

H-M: ,.uu 1.5512 t.15.$8 f.3621 1.326? e.4577 6.2279 i.5557 i.5US J .7358 t.?545 1.t9t3l 

------------------------------------------------------------------·-------------------------------------



TABLE XI-3 INVERSE MATRIX, 11-SECTOR CLOSED "ODEL, KATHERlHE-BARKLY REGION 

--------------------------------------------------------------------------------------------------------:SECTOR t 2 J .. s 6 7 8 9 u 11 H-H I 
----~--••--•-•---•----------•-•-u---~----••--------••--•---~-------------•-•-----------•---------------• 
I 1 ' 1.Ht5 1.H37 t.Hf5 1.1444 t.U14 t.1124 t.Ht4 1.6169 1.Ht7 I.Hitt f.et12 0.0015: ' 
' 2 r t.H61 1.H15 ,.,112 t.1118 f.Hf6 t.fH9 1.iH4 t.H12 1.1111 t.H19 0.0f16 0.0325: 

J I t.HIJ t.H17 1.1714 t.f2H f.fH2 f.1133 1.,112 t.Hl5 t.Hl-t t.H12 8.1017 1.0917: • 
4 , 1.1119 t.1864 •. ,11, 1 .1:.H 9 t.H94 f.f56o t.H8l ,.,212 f.8157 t.8334 0.0274 0.03-47i 

I 5 I ,.,us 1.1119 I.H16 1.1184 1.Hil f.'117 I.ft 16 ,.,t56 e.t359 1.1768 S.0-M8 e.e233: ' I 

I 6 I f ,1243 t.if84 leH14 t.1168 1.1166 t.H78 e.e1ss ,.,448 l~f23t fs2592 9.f41S e.11s9: • I 

I 7 I 1.1589 t.1857 f.HS9 1.1621 ,.,385 1.1761 1.1789 t.1943 t.f9t4 ,.1211 e. 10s1 f.1349: ' I 

• 8 I f.f179 t.1321 I.H52 f.lJ89 ,.,261 ,.no& f.'184 1. il479 1.1413 1.1721 e.0s2s 0.0789: I 

9 f 
'·" 19 

1.1271 f.HSt ,.,23i 8. 1215 ,.nn 8.8215 t.6374 1.1414 i.1913 ,.es10 ,.,ne: 
u t f.H15 t.H35 f~H1l f.H31 f.H27 t.H37 I.H17 e.H-4? O.H45 f .1434 0.0966 ll.01'!5: I 

11 I l.1'235 1. 9316 8.H56 1.1253 ,.,226 f,.63/16 ,,.,us ,., .... 2 1.B-439 I.D779 1.0578 0.6867: I 

H-H: t.U62 1.3'37 1.1751 f.3315 t.2982 S.085 IJ.1931 1.5429 1.4999 1.7126 G.7296 1. 1641 l 

----------------------------------------------------------------------------------------·--------------- ..... 
--.J 
i:.,.i . 

TIIBLE XI-4 IHVERSE ffATRIX, 11-SECTOR CLOSED HODEL: ALICE SPRINGS REGION 

---------------------·-------"----------··--------------------------------·---------~--------------------:SECTOR f 2 3 4 5 6 7 8 9 1t 11 H-H: 
-----------------------------------------------------------------------------------------------------~--1 I 1.HH f.HH t.Hf2 i.HU fi.0H6 I.HIS t.HH f.8091 ,.ue1 i.1849 t.0101 0.0061 l ' 2 i t.lt38 1.H78 t.BBH f.fH3 D.HH f.HH i.HH t.HH I.HU ,.,,,2 l.HH ff.10f0l 
l 3 ' f.Hf16 t.iH4 1.5728 1.1427 I.HU ,.1112 8.9116 1-HfS l.'607 t.3136 0.0117 0.eet2: I I 

I 4 I ,.,118 f.H79 t.8489 1.U41 ,.,114 1.1248 i.ftl3 e.S2h3 6.9131 e.a475 0.8264 e.024s: I I 

s f 0.6193 f.tl153 s.ee2, B.1181 1.ffi8 t.8132 t.t123 f.D!42 1.1296 i.0732 0.0375 0.f260 l 
I 6 I 1.1276 ,.,2u I.H29 ,.,2sa ,.,u5 t .1182 1.6234 t.1399 --~336 1.2773 1.6513 i.1416: I I , 

7 : f. t H7 §.1434 t.f2G3 if.1:J19 I t.1914 t.1842 t .16n 1.1891 3.1852 1.2479 0.2328 0.3102 l 
8 : ,.,211 1.1293 B.U77 S.1552 f.9286 f.5H4 ,.,222 1.1543 3.141!!1 0.0747 8.6529 f.1762! 
9 • t.lJ56 6.161? l.lt14 1.1727 O.ll585 l.!892 0.1771 t .0961 f. '153 fJ.1832 0. 1422 ~-21?4: ! 

Hf ' I.Ht5 t.U27 I.Hl7 t.1'£'32 f.H26 f . H37 t.H18 a.u.ii2 B.6943 1. H47 0.0863 0.00981 
11 f 1.1246 1.1231 '*1165 f.B274 i.1229 e.1J2e ,.,192 1.f462 e.t451 , .. ~787 1.0oe0 J. 8835: 

f H-H f 1.1882 1.3377 0.1641 f.3999 6.3314 1.4685 1.2338 1.5362 a.5359 Osl8!H 0.7964 L 2429l 

--------------------------------------------------------------------------------------------------------

( 



TABLE Xl-5 1HV£RS£ NATRIX, tf-SECiOR CLOSED MODEL, NORTHERN TERRIYORY 

---•---"----------•--w----------------------------------------------------------•-----------------------
f SECTOR 1 2 l 4 s 6 7 8 9 11 11 H-H : 
-------------------~~-----------------------------------------------------------------------------------

1 ' I .IH2 6.H25 1.u,2 1.11H I.Hat f.Hf5 I.Hit 9.H03 I.HB2 t.H52 1.eo0J 0.fHJell • 
2 I i.ifH t.9623 ,.u,2 9.1023 t.8H7 8.Ht2 e.eses f.U12 B.6011 f.H23 f.0917 0.i024: ' 3 I 9.H23 f.1317 1.1471 f. t287 I.Ht8 t.9232 J.Ht8 I.H39 1.ge20 tl.H81 0.01'4!J lL803-4 l • 
4 : S.119-t 1.2993 f.§247 t.1812 t.fdt:51 1.1753 t.1151 1.9332 t.ll174 •• 1644 e.eJJ4 f.0295l ..... 

~.J 

5 I l.!115 §.0214 f,.U2J t.1244 1.8137 1.8143 t.1123 t.1158 9.03~2 1.1727 e.eJa9 f.1246: ~ . 
6 ' ~-1281 1.1238 0.1431 §.f275 ,.eJ.tt 1.8177 i.1228 S.i4SB B.135" t.2738 0.050.; 0.03641 ' 
7 I f.1216 0.23"2 t.0263 1.1547 GI.UH S.2916 f.1745 t?.20?9 t.1966 9.2b4' e.2533 f.3392: I 

8 I 1.1132 8.1232 I.US4 §.6372 1.1123 8.0248 t.1174 1. 0402 W,.l179 e.e405 f.0174 0.02e9: I 

9 • i.f347 i.1337 
'·" 29 

f.G671 f.1557 1.8851 ,.,ne t.1977 1.1 U5 t.t724 9.1339 0.W31l • u • S.Ht6 I.H91J I.UIS t.HJl t.H27 O.HJS i.H19 f.H45 f.H43 t. 14-43 f.6063 e.,090: I 

11 ' 1.1245 ,.a3s6 I.H8fJ 1.1262 t.f226 t,,f3t7 t.9187 f.9446 1.6444 1.8765 1.0577 (LS8H: • 
H-H : f. H1S4 D.5468 t.1741 tf.3782 e.3297 f.4{)62 9.2311 !3.56U t.52-41 f.752~ fr7754 1.2165: 

--------------------------------------------------------------------------------------------------------



TABLE X-1 Iff~ERSE NATRIX, 11-SECTOR OPfH MODEL: DARUIH REGION 

---------------------------------------------·-------------------,------·-------------------------
ISECTOR 1 2 l 4 5 6 7 8 ' 10 11 • • 
--·------------------------------------------·---------------------------------------------------• 1 • 1.HH I.HIS t.Hl6 I.UJ7 t.HH 1.11116 I.HU I.HU I.UH 0.0~14 e.00011 I • 

2 : 1.1165 1.IH8 t.HH t.H26 f.HH t.H14 '·"'" t.Hf1 1.HH 0.Hl38 e.see1: r"' 
z 

3 I t.1113 f.H4S 1.0774 •. ,22, i.lH2 t.H46 ,.ue2 I.HIS I.IH1 f.1013 t.fH3141 < I 
tTl 

' 4 I •. ,134 1.2345 f.1951 1 .1447 t.H91 ,. !771 t.1888 1.fJ187 I.H~8 1~0504 1.etJ2: ~ 
U'J 

I 5 I t.H9f I.H89 t.H96 ,.,t-43 1.IH75 I.H41 I.H55 t.Ul9 f.1159 0.0573 a.01911 tTl • 
6 I 1 .. 1196 t.1161 t.ttJS 1.1125 1.1285 1.H26 1.1153 1.1286 t.f2U ,.2532 fl.1265: 3: I > 
] I 1.1417 t.'657 t.tf 34 l.f171 1.9146 f .1219 f.1686 f.f:278 t.f/352 1.1388 t.11661 '"'1 

;,:, 
8 I 1.1178 ,.,in ,.,517 1.1276 t.H59 f.1141 l.fUl 1.1271 f.H95 1.0269 t.HJJl >--1 

n 

' ' ,.1122 1.1434 t.H41 1.H51 t.tH7 I.HU ,.,356 1.1143 1.0265 9.1472 t.10501 m 
(fl 

tu t '·"" t.1155 '·"" '·"" f.HH t.HH t.HH I.HH t.tH1 1.1394 9.01001 "' 

I t 1 : ,.,111 I.HU f.H2i I.HU t.Ht7 t.H'3 t.H29 I.IHI ,.,112 S.11262 1.H51l 15 
---~---------N--------•-------------------------------------M-•---------------~-----------~----• !z 

I$ ... ., _ 
c:: ..... 
z -...J ...... m tn 
'Tl z . 
0 c:, 
?.;a 1-4 

,; X 

TABLE X-2 1.HVERSE NIHRIX, 11-SECTOR OPEH NODELs TO? END REGION X 
1-( 

I;:) 1-4 
t"" 

-------------------~--------------------------------"------------------------------------------- m 
(fl 

:SECTOR t 2 J .. 5 b 7 8 ' 11 11 ' I 
--------------------------------------------------------------------~-------------------------------- 0 
'tJ 

1 I 1.IHf I.H14 f.Ht1 f.H54 f.HH t.HH t.Hll B.fH1 l~H6i ,.,e49 ,.,0111 CTI 
I z 

2 • i.lt53 1.tH6 I.UH t.H16 t.HH 9.H02 I.SSH I.UH t.er,ae 0.00~8 O.H01l • ..... ... 
•""-

3 • I.Hf9 t.1369 1.HH t.1422 I.Ht2 t.9258 f.H14 I.H27 t.1197 0 .. 1071 t.h121: 0 I >:::l 
4 I t.ttSI 8.3175 l.i283 1.1863 t.H89 t.1825 ,.1111 1.e2u I.H54 e.es0a e.01sa: m t r 
5 I 1.11148 I.H96 t.Hl6 t.9142 1.1669 f.'642 t.H6t f.9839 t.1155 ,.0~68 G.81931 '-• 

I 

6 ' 1.1214 t.H79 e.e.tss 1.1168 0.1274 t .tH1 f.'161 B.6298 t.1284 f.2512 1.12771 
] : 1.17?5 t.1799 t.H58 t.1498 t.0U9 G.1774 1.1175 t.S52i l.!515 G.0561 6.04181 
8 • t.H76 ,.,122 t.H4c 1 .. e22s ll~fff51 t.U13f i.f1f7 1.1)269 I.H91 6.1263 t.0!341 ' 9 ' t.H39 t.1433 t.Ht6 fsft43 fl.HI& t.H77 1 .. 1372 I.GISI 1.8254 9.0471 e.eas9: 

lt I foHf1 f.H35 f.HH t.HH laHH t.HH ff.HU f.HH f.HB1 f.t380 1.10HI I 

11 J ,.,113 ,.112, f.H26 I.H97 t.Hf5 ,.u:,s t.DU1 il.HH B~H96 ,.,261 t.§0561 _____ .,, _____________________________________ ,,,,,..., __ ..., _______ .... ____________________ ~--------------------
. - . --·· - - ' ~~ - . - - .. . 



TAJ!.£ XJl-3 INVERSE MATRIX~ 16-SECTOR OPEN NODEL: NORTHERN TERRITORY 

--------·-·-------·--------- ---------------------------------1S[CTOI 1 2A 2;-···•-;··----·;;---·-·;;··----;~------~;;·----;;------;-------;-------;-·- a 9 11 11 I 

;·;-··;--;:;;;;-·;:;;;;·-;:;;;;··;:;;;;··;:;;;;--;:;;;;·~;:;;;;·-;:;;;;--;:;;;;--;:;;;;--;:;;;;·-;:;;;;--;:;;;;·-;:;;;;--;~;;~;- ···••t: 
I 2A l f.1142 1.1122 ,.,112 •••••• 1.11,1 •• ,, •• , ••• ,. ,.,, •• t.lli2 ,.tiff •·•••• •. ,,et •. ,,,, •. ,e,e f.6fi4 ····••: 
1 21 , 1.1111 ,.,,,, 1.1111 •·•••• 1•1118 ,.,,,, ,.,,,, 1•1111 ,.,112 •·•••• 1•1111 •·•••• 1.e1e1 1.se11 1.1e1J t.tti~i 
1 3 1 1.111, ,.,,,a ,.,1st 1.1454 t.ttJt 1.11,2 ,.,,,, t.t634 1.13,a t.ttte 1.,2~, ,.,,,, ,.,a,, 1.1ee5 1-

8165 1
•
911 

, .... 
: 4A I t.ttlJ ,.,,,, t.111~ t.tt3i 1.11,1 ,.,,,2 ,.,,,, ,.,o,s ,.,,,, •·•••• 1.1,11 1.1111 1.e1e1 e.tatt t.ees1 :·::~~i -....i ! 41 : t.tttl 1.1112 1.1134 1.1199 t.ttf4 ,.,,~, 1.eeea ,.,ets 1.1116 t.tetl 1.11,J 1.111~ 1.1a14 1.9115 1•

8131 
,·9106 • °' 

• 4c • ,.,,,7 •·•••• •·••'• t.tt47 •·•••• 1.1112 1.1144 ,.,,12 1.1115 1.1113 ,.,115 1.,,12 ,.et67 e.1012 t.B0
1
9 • : 

: 48E r t.ttla 1.1121 1.1151 ,.,ias 1.121, t.t45t t.t699 1.2121 1.1611 ,.,,., ,.1533 ,.1119 ,.,ee7 e.0132 e.e•01 1
•
0!~?: 

: 4f : 1.1122 1.1122 1.1a11 •·•••• 1.1116 1.1121 e.ttt4 ,.112, 1.1145 ,.,,,s 1.,e1a 1.1126 ,.e1Jt e.0117 1.e,
14 

•-•~ -: 
•, • f.116& f,1162 1.1189 f.1117 1.1197 t.Cf62 f,1177 t.1191 f.1117 ,.tf71 f.11~1 f.1176 f.9144 i.8196 6.l5?~ 

1
•
1
-

32
: 

t & f ,.1224 •• ,11, •• ,t61 l.t4f7 e.tf28 f.lff3 •• ,.,9 t.1177 t.ttlt t.t24t t.1139 t.1159 t.1299 1.1193 1.2
513 

'·
1274

: 
I 7 I '·"" ••• 69S l.1776 , ... '5& t.1519 ,.,,11 •••• ,, 11.14H f.1482 '·'"' t.1717 1. t111 t.1513 e.6514 e.e,

43 1
•
11372

: 
1 a : 1.11,a 1.1,as 1.ti?♦ , .,t69 1.11a4 t.tt64 1.111& ,.,3~2 1.111• ,.,,,, 1.1112 1.1134 1.tJ0J t.eaa, •·•

276 
•·

194
:: 

I f : i.H27 I.H24 f.106 I.HU f.HJ4 ,.,ni I.HJ4 t.1138 t.H54 '·"" I.H72 t.1344 I.HU 1.02n "•'
467 1

•
99

" : 
111 ! ,.,,,, ,.,,,, 1.1151 ,.,,,2 ,.,,,, ,.,,91 ,.,,,, •·•••• ,.,,,, •·•••• •·•••• •·•••• 1.eee1 ,.1111 1.1J&J t.it

1
•: 

ltt , I.tit& t.1111 t.1121 t.1131 t.1113 t.ftl& f,lft2 l.lfl9 t.ltt• t.lff6 f.111~ t.ttl2 t.1871 1.1193 t.8261 1.1958, ------•--u•-•.,••--•-.. •----•---•---•---••-.. -----•--•-••-•--•--••-----•••---------••-•-•--•-••-••-••-•--•-...,.-•----•------------·----- -_______ _. 

/ 
f 



'rAILE XJU-t IHI/ERG£ ttATRIX, 16-SECTOR CLOSED NODEli DARUIH RE:GION 

--•--•-••-•-•-•-••--•---•---••-••---•---•-•------~---•-•------•---•---•-•---•--------•-•-•--••-----•----•-•••-•-e--------•-••--••••--•--••• 
ISECTOR t 2fi 21 3 4A 0 -tc 4DE 4F 5 6 7 8 9 '" 11 H-H l 
•••-••••-•-••---•---•••-•••-••••••-••••----~~•••-•••••--••-•--•--••---•-•••-•-••••••---•-•--•-••••••~-•--•---n-•-•-•••-•---•-•--•-••••---•••-••-• 

I 1 l 1.1111 '·'"' I.HfJ '·'"' 1.1221 '·'"' ...... I.Htt t.Hft ,.,111 ,.,111 :J.HH I.IHI e.et11 9.9114 l.fH2 , ... 121 
I 2A ! f.1167 , ... ,, I.IH2 I.Hfl1 1.1144 I.Hit ,.101 f.HOI '·"" I.HIii §.fH1 '·"" I.Hit f.11:111 f.fH5 f.lH1 t.Hl11 
I 2B & I.HU I.IH5 1.Htt , .... , t.H16 f.HH 1.112, 1.HH t.1§17 t.fH7 §.H'9 S.Hl4 f.H11 I.HU G.H18 I.HU t.H231 
: 3 I ,.11t2 •. ,.,1 I.H13 1.1743 '·"" , ..... t.1117 ,.nu f.H7l I.HU f.H57 i.Hf2 t.HiS I.IH2 f.Hl7 '·"" f.OIHI 
I 4A f ,.11•s t.lt21 t.1151 I.H36 1.1253 I.HJ:! , ..... , I.HJS t.HS5 f.,029 0.§~3' , ... ,, t.1046 f.H4J I.H63 t.H68 f.f!Hl 

' 4J l t.lH7 ,., .. , f.1841! I.Hfl t.Htt 1.1167 t.H2!i I.H17 I.HU f.Ht2 f.ffU2 t.Ht7 f.tl18 a.H18 f.H55 t.H37 f.Hlt: H 

l 4C I , ... ,2 t.ftl3 I.I.I~~] 1.1242 f , Ul6 I.Hi5 , ..... , 6.H46 I.HU 1.1121 I.HU t.Htl t.H6t B.911'1& t.1029 t.HH R.Ht81 ~ 
tT1 

I 4DE ! i.H41 I.fill f.!!1 ill ,.,us i.fJl:S 1.1291 t.1618 1.1813 1.1291 I.H87 1.1696 f,H53 1.1133 1.6072 1.1493 t.lfl9 1.11031 ~ 
I 4f ' ,.1121 1.1143 if.1456 fi.1419 t.Hf6 t.Ht3 t.ft15 t .H4t i .1175 f.Htl I.H22 l.'626 t.HJ2 9.Htl t.H19 t.H19 t.Hl.O! • t'l1 
,. 5 I ,.,tu C.H81 f.1171 1.1153 t.1141 t.1113 t.tl48 1.,2u 1.1184 t .tt:31 t.1118 t.H91 t.1129 f.f234 l.i6?5 l.13fl1 t.lfi3: 

! r ' f t.1241 ,.1u1 t.&'199 t.ft.41 f.t19f 1.1193 t.1197 t.1254 ,.aw, ,.un t .1151 l.f211 ,.,433 e.r,339 8.2731 t.1455 f.1131&: 
: 1 ' 1.1769 t.1989 O.!H1 f.1145 , •• 797 1.1138 •• 1318 1.11:13 1.1979 f.8811 1.1242 f. 1167 f.1495 f.1482 l.2tJ37 a.1137 f.2638l 

f "' I Q • ,.1111 ,.,11, 1.1162 t.f:134 1.1231 i.lt87 1.1153 ,.nn t.f15:S 1.11n ,.112, .. 1.1134 1.·fl:52 1.8169 t.9378 f.1136 ••• 1741 ,.... 
f n 

: ' I i.0142 ,.,212 §.1362 t.1336 1.1247 l.lil374 f.1448 a.nu ,.,1~2 ,. 9271 1.1421 1.1522 f.1463 t.1655 1.1641 1.1593 f,G9f 1 t m 
Ul 

111 I .... tl •• ,,19 O.HH I.HJ2 ,.1122 I.HJ2 I.HU t.UJ5 t.H20 I.H2.7 f.Hlci 1.1117 t.H43 IJ.H4f 1.14~2 t.H56 t.fl931 
:u I t.1216 1,11157 S.136-t 1.128:S I ,1183 t.1264 t.1341l 1.1287 I.IJ232 t.1227 1.6298 ,.,ua 1.1411 t.f.f27 1.1737 l.1583 t.ll75ffl > z ',:I 

: H-H t •• t:J94 t.2351 0.:5231 I.UH ,.2111 ,.nn · ,.:s2:ss 1.4302 t.34fU t.333, f.446' •• 2196 l.:SlS5 , • .cn, a.7tS9 ,.,us J.15131 0 -0 .... 
z m --.J --------------------,---•·-----·--··-----------------·----------·-------------.. --------...... -----------------·-----------------------'------------- t z --.J 

f~ u . 
H 
>< 

TA8f.E Xlll-2 ZHVERSE HATRIX, t6-S£CfOR CLOSED ~OJEL, TOP E~D REGION CO >< r i;a ..... - H ..... 
---•--••••-•-•-•••-•---•~••••-~•--•-----~"~--•-•-•~----•------------•-u-~-•---~---•-------•---------e-*-•-----•---~-•---•~----•--•--•-•-u•-•-•-• ~ fSl!tTOR 1 2A 21 3 4A 0 -4C 0£ 4F s It 7 8 9 1a ft M-H I m 

------------------------~---------------------------------------------·--·-~------------------------------------------------··-~·-----~---------- t"" 
M 

I t I 1.Hl2 '·"'' I.IH7 t.Htt t.'464 I.Ht2 i.Hl2 C.Hf2 f.fH2 f.lH1 !J.Hf2 ..... , t.81{'2 0.e,a2 i.0149 f,IIH i.§H51 t,-, 

I 2A ' 1.0154 1.H58 , ... ,2 f.HH ,.,122 t.HH I.HU t.HH I.HU i.HH t,HH '·"" I.Hf! lt.€!911 i.1015 t.Hf1 il.fH1! ' ....... 
1 21 I t.H94 I.HIS t.H12 •• ,111 f,H18 I.IHI? f.H2f , ... ,1 f.lH8 t.Hl7 , .... , t.OH5 S.HH t.0911 t.8118 J.H16 ,.,no n 
f l z I.Hlt t.iHS 0.,1,~ t. tJ9f t.H41 t.H74 ,.,121 t.t7H (f.f442 I.Ht, 1.1296 t.HU 1.8126 9.0114 e.s,a, ,.u:rn ,.,.111 8 

en 
8 4A I I.HU t.lf21 0.1153 f.1119 l.f2Jf t.HJ5 i.HU I.H33 I.HS! ,.1121 t.H39 f.l.H26 f.H47 l.l!\1143 t.1962 l.fH1 t.Ol9il m 
10 1 ,.tots I.Hl9 t.H-19 t.Htt I.Ht2 1.1155 I.HU B.Ut5 j . f1!6 f.H12 f.1125 t.H18 t.H19 i.011\' e.HS3 f.H4f i.H32l Cl 

"-J 

l 4C I ff.UH f.H24 ,.,ot i.H4S f.HH f.lH6 f.Hl9 5.Ht4 I.Hfll t.iet9 f.f!f15 i.Ht5 i.H65 f.6107 J.1026 f.ii11 ,.,.iu 1f 
5 : 4DE I ,.~ass t.1143 f.'232 f.HB9 t.1272 f.1496 f.Ht::S t.217? f.97f1 f.1189 1.1751 f.fii62 1.1147 1.1379 f.150& t.ilt56 t.01'161 

: 4F . f.H27 1.11n, 1.21n I.H42 !J.H25 ,.u21 f.H3i , ..... 1 t.1158 i.H17 f.Ull t.H42 t.HSt t.002l O.H33 f.U39 I.IIJJI 0 
• m 

I :J I f.H78 f.H7'1 ,.,t83 S.Hn ,.1129 ,.1122 •• ,1112 t.1225 ~.1S1'l 1 .ft26 f.ltl4 ,.,u, f.fl37 •• ,2-14 1.1698 t.1326 t.12ifl ~ 
I 

: It ! f.1267 6.1171 f.1234 f.i411 f.f'lf7 1.0215 1.1223 f.1291 f.D243 ,.un 1.£!171} (;.0227 ,.,4~2 ,.,3~5 t.2729 5.15H f.f3?Jlt 
: 1 l 1.1174 151473 ,.22ts f.tt96 t.1231 l.17S9 ,. 1786 f.¥385 I.H66 D.tvl8 •• t9tf t. t737 t.189i 8.17?8 11.2382 1.2285 t.29-471 
: 8 : l.~ilB fl.1132 1.1229 f.HSill If.nu f,!)229 ,.,221 ,.nu l.tt7t O.J132 t.1246 ,.,uJ 1.'1U5 S.f2l6 t.l·H5 l.t22tl f.f295l 
: 9 j ,.,26& f.U64 ,.1211 I.H71' i.t4t4 t.1615 1.1767 ,.11s2, t.8577 t.tlHf i.1682 ,.un f.1705 1.f928 9.1442 i.if55 t.1572t 
:ti • f.Hft • ... 2, f.llU 8.Hf4 t.H23 t.HJ3 I.HH 8.H2t l,HJ1 0.1~2.s f . H:37 I.H18 J.H-t~ e.H-12 t.H31 I.UoG lolrl5t • ,u I a.1221 '·''" f.1396 O.tH2 ,.,1,s 1.1278 I.U6l ,.nu o.uu a..,221 t.nn t.1179 l.fH28 itUJ.431 1.g;,43 1.nsi t.lJHI 
i lf-tl l 0.17?J l.25♦l t.5753 11.1357 0.2853 .... us t.5Si7 f.ll,l7 1.3914 l.327di .... ~25 t.'2273 1,5569 1~515:S .J.73li 1 1.1,45 1.1'111 _.,.._.,. _________ "' ________ ._ _________ .., _________ .., ____ ... __ ,... ___________ ,... ____ . ________ ···••·4--.. ,,,-... ---..,. ... ----·------...... --.... -.... ___ .., ___ , ______ ,.._ .... ~--------.. -,, .... __________ , ___ 



TABLE XIII•J lN\IEISE IATRIX, 16-SECTOR CLOSED ftODElr NORTHERN TERRITORY 

·--~--~-----------------·-------·---------------------------------------------------------------------------------------·-----------------------lSECTIR 1 2A 28 3 4A 4B ♦C 4D[ 4F 5 6 7 9 9 11 11 H·H I 

-------------------------------------------------------------------------------------------------------------·----------------------------------
: 1 ' t.Ht4 I.Hfl , ... ,2 f.HU f.t792 t.HIJ f.tH4 I.fin , . .,,. l.fH2 l.tHJ t.1812 f.10'4 f.f014 f.1052 I.HI& f.Hl?I • 
l 2A I 1.1142 1.1122 t.fH2 I.IHI 1.11,1 f.ffH , .... , ...... t.HIJ ...... t.HH t.HH t.'1191 f.HIJl e.H05 1.1u1 t.lHll 

I 28 • O.flt4 ..... , 1.H12 f.lH2 i.1124 t.lH8 t.H18 I.HIS t.H1f t.Hf7 '·'"' t.fH5 1.1011 t.Hfi t.Ht8 t.H17 t.H241 • 
: 3 f f.Htt '·"" t.H87 1.1457 I.H3J t.H67 1.IUJ ,.to39 l.f4fl f.tlt2 0.1255 t.H1f J.H22 a.s,12 e.et74 t.H24 t.H151 

411 I ,.un I.H41 f.ft:55 1.1137 1.1219 ,.,n, t.H4r 1.1138 t.tfJ52 r.H29 I.H4t ,.u21 t.0149 O.H46 1.e0&6 f.H8S t.t1t6l ..... ... I t.HH '·"" t.H4' 1.1ft 1 , ... 12 I .ff 52 f.H23 I.Hts t.1117 I.till f.1116 1.H19 t.10t9 1.1819 1.105t 1.1138 f.!033: "'-1 

-4C • '·"" 1.1118 t.1512 t.H4S f.lH9 ,.u,a t.H52 t.Ht7 f.Hl1 t.H18 f.H21 I.Ht5 J.H75 t.9109 9.H29 ,.1116 !1.6'171 00 
• .. 

l 4D£ l t.H52 t.HU l.i199 I.H9l 1.1231 t.f481 t.1741 1.2149 t.1639 1.1173 t.1568 I.HS& w.1120 1.1071 1.1457 •• ,142 f.H911l 

I 4F I t.1127 I.H29 ,. 1892 I.HU t.H2l f.ltl32 t.H28 f.HJ8 1.f155 t.H14 f.HJI I.H32 t.H45 ,.ee2e 8.0133 f.1142 f.H311 
• 

r 5 • t.1113 t.ltf8 1.1214 I.H22 f.tt51 f.if47 ,.,,,. t.1268 f.1188 1.1137 1.1145 ,.,122 f.i157 e.eJel t,9726 1.1388 t.1244l • 
I ' I 1.1279 1.1187 •• ,2J2 f.1429 f.f2t7 •. ,21, •• ,221 t.1291 t.1251 t.1339 t .1178 f.1228 f.1458 1.13♦9 f.2738 ,.,s1:1 1.IJ~JI 

: 7 • t.t215 t.1475 1.2372 t.1265 a.,352 ,. f 889 f.1974 t.1542 t.!597 &. tll5 ,.2120 t.17.t6 f.2082 1.1966 e.2642 t.2534 t.33921 
I 

l 8 I t.lt29 t.tt:J& ,.,19l f.H82 1.1235 1'.1236 ,.,212 f.1417 ,.11e2 t.ft22 ,.,2~1 0.1173 1.'°399 '·"178 t.f4f4 f.1172 B.92971 
I 

: 9 I t.1335 t.f49t ,. 1412 1.1131 t.1533 i.176' t.1974 t.1673 t.1721 f.1558 f.1852 ,.e:nt 0.1979 1.l 1f5 f.1724 1.1339 f.21311 

:11 I .... 15 I.H23 l.ltf3 t.HH I.H24 f.H34 ,.nu f.1131 I.H32 f.H27 t.HJS 1.1119 O.H45 1.H43 1. 1443 1.H63 f.H9SI 

It 1 • f.1242 f.1!97 t.1413 I.HSI f.1213 f.1291 f.'379 t.1264 ,.,211 t.1226 t.1318 1.1187 f.1447 "·"""" 9.t7o5 t .1577 f.(18141 • 
l H·H t t.1846 1.2776 f,5723 t.1749 t.2987 t.42-41 1.s,2, f.3815 1.3997 t.3299 l.467t 1.2314 ,.~626 1.52.U f.7527 t.7154 1.21621 

-·-·-----~----·----------·--~---------·---------------------------·---------·-·-------------------------·----·-~------------~~---·---------------
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