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AN BEXPERIMENTAL INPUT-OUTPUT DECfSION” '
"MODEL FOR' IRELAND

The object oE the present exer01se iz to develo“

3

a Model based on the Input Ju*nat (IO) approach which can

be used Eor forecastlng ourposes. The rnodel in type will

be decisional, as dlstlnct from the "onlooker cr purely

et

prophetic, Dec1sxon models are entlrely thot tical

though nnturally the hjpothe must be reasonable and as
restrlcted as po 31ble The model is de 1gned to show

1 B ER oo o

in falrly con31derable 1ndLstr1al detull,the economic

ot - .. v )

pattern in some future vear of reference on the assumptlcz
RN sy --.\u~:- !!) i

of dlfferent rates of 1ncrease in GNP However detalleo

s L P "

the pattern muot be con°1otent in all its parto.
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The Curtalled Irloh Table

o
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. Perhaps the best way to explaln the model is, in
T T BRI I P S HIN "‘,:_'frw-’!
the flrst 1nstanﬂe to dlhplay an LO table namely *Hat ”or

B R U B L v

Ireland in 1956, in Wthh, fcr arithmeticel convenience, the
\

number of industrial grouos hae been reduced from the
N A IR I E P et N
orlglnal 36 to 6: groups numbered 2 and 3 have been intro-~
ety N 2 R L T N R TN
duced for thelr impor<ance in capital formation. The‘da:u
1n'the prlmary lnout sec’lon hasvelso been recast very con-
. ot

. - ‘e
it . ey

slderably. As a st .“stlcal presentatlon the Eigures in

T s el

‘lable 1 are not to be takon too eer*ouelx. The data are

ey ' . . I I 3 - cpfn

de81gned for the purp0°e only of 111uetrat1ng a Wetnod

PR B A

Nor is it suggested that nven if the flgcres were cor reci,

f . i Poseres

results useful for decxsxcn making woald eﬂerge Lor so
' : o VA TORE S S oo o e PR

dlmen31onally small a tatle as in 6 lnductrlal grougs.
. . I
‘-l)"' B H A 2 3 f

The flgures in Table 1 ar¢, however, belleved to be of the
| BT ._" o B A 4 ':l‘ . .

[T N

'rlght order cf maprittde.

The tasik faciag the Maalysy is to prcduce, on



various hypothetical bases,involving policy~decisions during
the period from base to reference year, tables for the year

of reference (which, for purposes of illustration here, will
be taken as 1966, i.e. 1C (= T) years from the Irish IO base

year 1956) on the lines of the basic I0 table,

The Irish IO table is compiled on the"sellers'

price" principle. Thus, on the first row, all the figures

shown are valued at prices which farmers receive: e.g.
agricdlture etc sells £64 milliop'at farmers' prices to the
food etc industries,‘£66 millién to household;, total out-
put being £181 million, Column 1 of the table shows the
costs of agriculture; thus agriculture purchases £3 million
from engineering at factory prices. A result of ;his
sellers' price treatment is that fhe cost of transport and
distribution of all classes of goods (the principal con-—
stituent in line 6 of the table) is very large; for instance,
the £117 million in the household expenditure coluﬁn
incluées £56 million for transpbrt and trade services,
inclqding the transport costs and trade margins for the
products of agriculture, industry etc, as well as imports

which in the table are valued c.i.f.

The row for imports inclddes the value of all
imports whether these are competitive with home industry or
not.- In such treatment thé practice here differs from that
of the Iriéh IO table which conforms with the moré common
practice adopted by other countries of.assigning competitive
imports fo the cells pertaining.to home production, While
the preéent author is rather doubtful of the competitiveness
of most imports into Ireland ~ is Manitoba wheat competitive
with irish wheat in a normal year® - he is not concerned to

make a major point of this issue. It is simply more

arifhmetically convenient for illustrative purposes to use
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a single line for imports. The validity of -the model to

be described is not impaired by the treatment of imports,

VR R I S
T Lodg

< s There 1s a consxderable departure from the Irlsh

b

IO table in the prlmary 1nput ‘section of Table 1. - Thus

.rowW . 1 oﬁ:thls.sectlon represents the dlsposable:(i.e*:efter
direct tsxation) income of'househOIds (oy way of employee

.compensation dividends éhd‘nou:COrporate profits after ta*).

+ . Row 2 contalns all publlc authorltles income 1nclud1ng |

income from property and entrepreneurshlp as well as taxes.

Thus in. the 1ndustr1a1 part of the row are included direct

o

taxes on employees rates on bu31neSS‘premlses, import and

xexcise dutles on materlals and products etc. uHowever the
£25 mllllon on the row in the household column .is made up,
for the greater part of rates on dwellxng—houses-aqd

iy i
i

RN
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1mport dutles on consumer goods ready for use, ihe.,this

item is closely ass001ated Wlth 1mports valued-.c, 1 f at
£€59 mllllon and net rent 1ncluded ‘in thé. €117, mllllon for
. .. R N S,

servxces., , a R S

t . . Pt B vt

Row 4 1n the primary input section. dlrects

na«attentlon to a spe01a1 dlfflculty in I0:work, -:In.the
_'1ndustry part of the row the flgures relate necessarily

-_to:qompanles for the savxng of non~corporate enterprlses
: T R S t
is,.for:the'greater part, 1nd1st1ngulshable from. saving

LR SN

’ ' e I
,n0f households and must be included‘therein,-i¢e,:iu the
Cad

£22 mllllon Eor households "in Table 1 “:If, as seems
likely in the future, the-corporate proportmohate sharz:
in the economy increases, then so will'‘the coefficients

; .pertaining to saving in the industrial sectors.
" oo . s ey B
R AT N Co

L ~feld
Row 6 in this sectlon represents profits on

L

. externally—owned enterprlses to the total of £17 mllllon

The obverse of thls 1tem namely factori income from

abroad of €41 million has been arbitrarily assigned
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‘altogether to households,

National Accounting Identities

The obﬁéct of the adjustments (compared with the
original IO table) is to enable us to produce directly
from Table 1 all the major national accounting idéntities.
It is an invariable feature of IO tables that the totals
df corresponding rows and columns in the'interindustry
section éﬁould be identicél; see, for exémple, that the
figufe of £181 million for agriculture atAthe end of row 1
agrees .with the figure at the end of column 1. In
addition in Table 1 the row and column totals for érimary
input and fiial demand have béen brought into close -
agreement, Thus household and government income (£401
million and £137 million respectively) coincide with-the
column totals for expenditure and saving -~ with a negative
entry for governmen% transfers to households (including
interest on the public débt) of £55 million, Gross
capitel formation of £87 milli@n (stock chanées have been
taken as nil) is financed by saving £38 million, net

investment from abroad £21 million (or a total of £59

.million shown in the last column of Table 1) and

"depreciation £28 million, Finally the external account:

imports of .goods and non-factor services(£194 million)

together with factor imports (£17 million) equal non-

factor exports (£149 million), factor exports (£41
million) and net inveetment from abroad (£21 million)
or a total of.£511 million, shown at the foot of the’
export column, .

Table 2 displays unitary coefficients derived

from the data in Table 1. This differs from the more

" usual table of coefficients in that it covers not only the

interindustry sector of the table but also the primary

input and final demand parts for reasons which, 4t is



- Table 1. Summary Input-Gutput Table for Ireland, 1975
Interindustry Final demand |
Cutput
5 Consumption I
& - ® o
Lo vh | o« % |amz | 5w
Input 1 2 3 4 5 6 %”52 8-8 1P A o g Q T Qs Q3
PP 5 - > ad X od ot P g E £ Q
o & g SRe] ) o © P a- % o O 3 &
B T O o E oo » o m 4w o O
Non—factor input
-1 Agriculture,
forestry,fishing 2 0] 0 64 2 0) 68 66 1 o 0] 46 113 181
2 Construction 0] 2 0 o) 1 2 5 4 11 49 0] 0 64 69
3 Enginecering 3 4 3 0 2 4 16 8 o) 8 0 2 18 34
4 Food,drink, tobacco 14 0 o) 22 0] 0 36 105 0 ¢) 0 38 143 179
5 Other industry 8 12 4 5 25 7 61 50 2 10 0 26 88 149
6 Services 10 7 3 7 8 7 42 | 117 46 0 0. 32 195 237
Total home 37 25 10 98 38 20 228 - 350 . 60 67 0 144 621 i. 849
Imports 10 8 11 22 47 11 109 59 1 20 0] 5 85 i 1984
Total non-factor input! 471 33 21 | 120 | 85 | 31| 357 || 409 | 61| 87 | 149 | 706 | 1043
Primary input ﬁ
1 Disposable house— . : i
hcld income 120 32 9 19 32 148 360 - - - - 41 41 4 401
2 Government income 9 2 2 41 21 37 112 25 - - - - 25 o 137
3 Transfer payments -1 6] 0 -10 0 -6 -17 -55 72 - - - 17 | 0)
4 Saving etc 0] 1 1 2 3 7 14 22 2 - - 21 45 ; 59
5 Depreciation 6 1 1 3 4 11 26 - 2 - - - 2 i 28
6 Profits paid i
abroad (imports) 0 6] 2 4 9 i7 - - - - - - ! 17
Total primary input 134 | 36 | 13 i 59 64 | 206 | 512 || -8 76 - - | 62 130 | 643
. T i ]
Input = Cutput 181 1”69 34 l 179 149 237 849 t 401 137 87 l 211 811 i
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Table 2. Unitary Coefficients derived from Table 1 with Formulae for Stock Changes
Cutput Interindustry Final demand
Eouse- | Gevern-{Fixed
4 o
Input 2 3 4 5 holds | ment capital Stock changes Exports
Non-factor input
" 1 Agriculture,
forestry,fishing 0 0 .3575 | .0134 L1521 .0159 0 ;O780Y1 - 14,11 . 3087
2 Construction .0290 0 0 .CO67 .0092 1746 .5632 ,0219Y, - 1,51 O
3 Enginecering .0580 .0882 ) i,0134 .0184 o .0920 .0279Y§ - 1,01 0134
4 Food,drink, tobacco C 0 .1229 0 L2419 0 0 .0197Y4 - 3.52 .2550
5 Other industry 1739 L1176 ,0279 :.,1678 L1152 .0317 .1149 .O256Y5 - 3,81 1745
6 Services .1014 .0882; ,0391 | .0537 .2696 . 7302 0O .0295Y6 - 7.00 .2148
Total home ,3623 .2941 1 ,5475 | ,2550 1 .8065 .9524 .7701 v ,9664
Imports .1159 .3235; .1229 1.3154 4 1359 .0159 .2299 ¢ ,0336
Total non-factor input | .4783 .6176% .6704 | .5705 . 9424 .9683
Primary input
1 Disposable house-
hold income .4638 . 2647 ,1061 | .2148 -
2 Government income .0290 .0588| .2291 |.1409 .0576
3 Transfer payments 0 0 -.0559 0]
4 Saving etc .0145 ,0294! ,0112 |,0201
5 Depreciation 0145 .0294) ,0168 |.0268 0317
6 Profits paid
abroad(imports) 0 0 .0223 |.,0268
Total primary input .5217 .3824! ,3296 |.,4295
Input "= Cutput 1 1 1 1 1 1 1 1

~



Table 3.

Algebraic Notation of the Model

‘Output' - Interindustry Final demand !
l , Cutput
Input House~ ! Govern- Fixed Input
1 2 e n holds ; ment capital Stock changes Exports
Industry-~input : ) i
. ] - . ~x
1 211 12 |t 21n by 81 Vi py (¥y = ¥yl /T *1 s
' —
2 %21 | P22 | *°* | Pon by 82 Vo Py(¥y = Yyol/T Xy P
. . : S . . . : . :
i .
i ' —
n %n1 %n2 Tttt %an b, En v pn(Yn YnO)/T *n 5 Yn
| |
| - ' :
Imports b1 b2 .o | bn hm 8 v X |
Primary input | |
1 Disposable house- ;
- : - - - - F
hold income Ciq g e+ | i (F) ;
. : - !
2 Government income Cohy Cso .o Con hg ;
Transfer payments Cry Cxy . Czn (D) (B). - - - |
4 ; - -
1 Saving etc Caq 40 . in (Sh) (Sg) (N) %
5 Depreciation Ceq Cco .o Cen - d - - - !
6 Profits paid _ f
- i . - - - - -
abroad(imports) Ce1 Cso .o C6n . g
= v ! ¥ 1 V" X i
Input Cutput Yl 9 .o Yn E G v |
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hoped, will be enident from'mhat follows: in a word this
procedure is designed to enable us to bring all the major
national accounting entities into our model. It will be
noted, by comparison with the entries in Table 1; that
subsidies, saving, forelgn investment and'factor income

,receivable have been 1gnored ~ These elements will be

.seen to be the strategic variables in the model.

"The notation to be used for setting down the

equations and identities of the model is displayed in

_Table 3. Workers in this field have not yet succeeded in

[]

ﬂlater » .1 Brackets () around F, . D.etc 1nd1¢ate that the

‘H G etc: at "the foot of the column

T

PR

evolving a satisfactory algebraic notation for IO work and
notatlonally Table 3 w1ll probably be EOund “to be no

exception to this sorry experlence The 31gn1f1cance of
ao
the.symbols may be clear from the: illustrative Tables 1

and 2, noting that small letters denote unltary coefflclents

.and capital’ letters values (1n £ million®, The number of

\

indgstrial groups is n (= 6 in the - example) and T is the

tlme period between base year and year .of reference The

o [

entrles in the stock changes column w111 be'’ explalned

a
SR

S ey s

m?correspondlng values are not deemed included 'in the values

PR o,

et o Y

Einal :Demand’ Categorles e bt

oy oatae IE w1ll be useful to consider briefly the varlous

i

: A Y
categories of final demand:~ ... 17°

oty Theee

PRI

R} :
) Households The coefficients h cannot be

H
.

L T S
accorded the ‘kind of quasx predetermlnatlon w1th which

the interlndustry coefficients aij are customarxly

endowed. As is. well-known, these coefficiehts"will

. depend .on the'aueragg level of household expenditure, in

accordance wlth Engel's Law. They are functions, of this

L
'

average-level.‘”“Tf the economy is generally advancing at
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R i . o,
a given rate, sdy 4%, total household expenditure is.likely

to rise at about the same rate. If we assume, as we shall,

that the proportlonate rise 1n populatlon is the same as

i

that of the labour force,.then the values of the h, will

L

depend on the ‘evolution of the 1abour force and, therefore,
on labour productivity, ; If _the labour.force'lncreases at
the same rate as GNP then product1v1ty remains constant at
its base year level and there is no logical reason for
changihéfthefh. for the year of reference. "~ On the other
hand 1f total household consumptlonvls to increase at the

rate of r#% and the labour force by s% then household

' expendlture on average W1ll increase by (r =- s)%.approx—
1mately It is this (r.— s)% or labour productivity
which determines the value of the hi' " By way of

illustration C; E. V., Leser has kindiy.supblied.the

followxng data (which, however' are to be regarded only as
rough approx1mat10ns at this stage) for the coefficients in

1966 on the assumption of a.3% a head'a;yea¥#growth in
total‘eoﬁsﬂmption. The "actual" 1556”édeﬁficients are
shown, for comparison, The 3% 1ncrease is' consistent with

!

a rise of' 4% in total consumptlon and 1% rise in population.

. [ B N
i ce
. ) ‘ ! I
N I 4
LR N -

Table 4, ° Unitary Pattefng of'Hoéusehold Consumption
1956 1966

Home 1ndustry Fliana :
1, Agrlculture, fqree;}y, flshlngMM 1614 ,1481
2. Construction R .0098  ,0115
3. Engincering et . L0196 .0263
4., Food, drink, tobacco i -.;2567- .2355
§. "Othér industry 1222 L1113
6. Sexvices ST .2861  ,3315

Imports '  ”“f""_'3‘ CoL .1442 .1358

Total o "ﬂj,i" e L 1 1

.ot

The coefficients for 1956 in Table 4 dlffer sllghtly (but

proportlonafely) from. those shown 1n Table 2 since the latter

ltof51”0l9424i .+ The marked decllne in the proportions for

4
’ Tt .,
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; T che
agriculture and fooaigﬁ'1966.isthefamiliar Engel's phenomenon.
When one considers fﬁat in. the 10 years a rise in .consumption
of 3% a head a year is eqﬁivalent to a rise of 34% the

changes are not very marked.

The outcome of the application will depend on the
view taken with regaf& to“the productivity increase (r - s)%.
It must be deehed ainséBle to produce answers for all
reasonable levels oE’productiVity. - As will be pointed out

A . _ .

in the ¢oncluding éeéfion of this papbr, national,planners
using the present ﬁéﬁei will have a wide choice before, them
but will have amb1e bpp5;funities of modifying ‘the

coefficients and therefore the original targets of the

plan selected as thé fime—period of the plan advances,

.y +
e '

[

Government expenditure, This is the strategic

..arga over which public authorities’ have absolute control,
Aol 2 e . :

o

o %nﬁqheory at any rate, " It is therefore an area in which

it wolld be well to try many experiments with the model]

B N
: h

The government pattern as time evGlves must -be.conditioned

by actions in the privaféISecfor,’fbf example-if private

saving is insufficient for the plan ‘the government.may

have to create forced saving by taxationji or, if private

o

investment in certain sectors is insufficient for .the

attainment of the prescribed targets, government may have

,to step in. With a large IO table available presented on

vt le .

the lines indicated here the planning authorities could

experiment with many alternative patterns with a view to

determinidg the optimal course of action. .::

LA

Fixed cagifai"fofméf{onﬂ At ‘first sight it might

appear desirable to evolve formulae for gross fixed capital
formation (GFCF) industry by industry consistent with

rises from Yio to Yi between base and reference years in
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. gross output oF 1ndustry 1.‘ From international experience

i

during the post-war perled\lt would in Eact.be easy to find
the relation between rate of'increase in each bnoad |
industrial sector and the rate of increase in.GFCF, even in
constant price terms, Such an.exercise would be rather

different in concept from the more usual incremental net

. capital-~output ratio in which the entities studled are net
annual increase.in added value and net fixed capital
.formation (or. the net 1ncrement in phy31cal capital).

The main reason for the dlfference in approach is that the
JJO;table dealsqessentlally.Vltn,gnoss.entltles though, of
course, added value, industny~oyjlndustry, is deriveble":“
fFrom tnepprimar& input_teole.as.wellles net capital
formation as the differenceretween the.GFCF coluhn'end

the depreciation row,. In recent years, however, an

increasing number‘of economists tend to favour the GFCF

L el
ke - K

approach as. dnstlnct from the net and not only for the

reason of the notorlous statlstlcal unrellablllty of

1
H

depr601atlon statlstlcs Such economlsts take the v1ew
s SRt . .

o

,that on the alleged mere replacement (1 e. depreC1at10n)

3

as,ﬂlstlnct from a net 1ncrease of a phy31cal capltal good,

P

there,, Wis. llkely to be an 1ncrement 1n product1v1ty because
rqplacements are rarely 1dent1cal W1th the goods they purport

ot R
. RN >

to replace. and are more than llkely to 1ncorporate

T . .
!1.' : . e 0 "x""‘--‘,-,f,!

1mprovements. : If one be allowed to assume an arlthﬁetlcal
annual increase in the economy there nould be l;tt;e’ |
dlfflCultV in evolv1ng algebralc‘tonmulee based'on 1uter;
national experlence for GFCF, on tnedllnes oE the.éormulae

below for stock changes.

Cee i - The Writer is, however, rather sceptical about the

(.: :_.'.;“x H .,~"

value of such .an exercxse, though he remalns open to

"

s ShOUld another view be taken there would

H ;

conV1ct10n; , and

be no dlfflculty about changlng the model in thls which is

1

a mere detail, He bases his scopt1cxsm on the folloW1ng



statistics pertaining to the whole economy of 2C countries
SR, L i R R

RS S B

during the period 1953-~59:~"

[
S :

"Ann.av, Av.ratio i Ann.av, . | Av.ratio
Country increase | GFCF to Country increase | GFCF to
GNP i GNP | GNP : GNP
N | %
Germany o o 7 -+ -} continued
(F.R.) f 6.5 0.219 Portugal 3.4 0.155
China ) S ‘ : . .
(Taiwan) 6.3 0.135 | Cyprus 3.1 C. 245
Greece 6.3 ‘1 .0.108 | Ceylon 2.9 | c.117
Austria 6.2 ¢. 216 Norway 2.9 ¢,.3C5
Italy 5.3 C.205 Denmark 2.8 C.166
Netherlands 4.3 0.235 Belgium | ' 2.5 0.16C
France - 4,2 . . C.179 U.S.A. 2.4 C.17G
Porto Rico 4,2.. | 0,192 | U.K. 2.1 C.146
Sweden 3.6 0.208 Chile 1.7 - 0.104
Canada 3.4 0.246 Ireland -0.1 0.147

Source: Based on data in UN Yearbook of National
Accounts 1960

Countries are arranged in descending order of rate of
increase in GNP, It is true fhatfthere'ére certain regul-

4¢pr1t1es 1n ‘the table .and: perhaps 1t is easy to account for

some of the low ratlos ‘as well as the exceptlonally hlgh

Y.

. s
ones in regard to rates of increase. For.;nstgnce the

E B
. N

low ratios in Greece and China mdy. have been due to increased
labour intensity and the high ratio in Norway to investment

‘1n shlpplng whlch ‘is highly cap1ta1 —-intensive. It will be

‘-.:r

'noted that the U, K and Irlsh ratlos are practlcally

1dentlca1 ‘ Theoretlcally there cansi be no quallflcatlons
- R

(for ‘réasons of - d1fferent1a1 populatlon changes or otherwise)

‘as to the valldlty of the well- known formula

. . ;
EE e,

+

where Y is net national product V net fixed capital

)
H

'fopmatlon, K ‘thé 1ncrementa1 cap1tal output rate and r the

i

rate of increase, : At any level of the..capital—-output ratio
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1C

the value of V/Y should accordingly increase with r, It

was really with a view to examining whether such a

‘relationship obtained in fact that the foregoing table was

pfépared. :' e

It would'appqar'that, at this stage, the most

"sensible course would be to adopt experimental, but

. reasonable value or values of the ratio q given by

’

(1) . LV = gz

LI

) !E.'p—v
i ) ~n
(2) Z = '3 c.Y,
e R £ J {

[EEEAY . ot et RS N T ' .
(3) : ' : V'i = le}' . G ERU

ot

D

TR

o)

RETER

g

PR L S ? A TTER . ) i
FurtHermore, the value of "V'icdan be distributed proportionately

Ii"": LN

amongst the industries using the formula
iy SRR el T g '

gt . . .

i

(34 ! Vit : P A "~“5".‘. T . :
For the application to Ireland ihich follows. q.will: be ,

' L I T T T I

taken as C,2, Such ‘a’ ratid there will .allow; some, margin
R IRE R RN VR h
for manoeuvre, For example, if 'the 'demand for economic

investment should increasé; social “investment (e.g. in.

HY S S . , .
dwellings) could be postponed, tdé-'kéep-total fixed capital
investment within the planned aggregate in the year of

t

reference,

Stock changeg."5Fof“a growing economy allowance

" must be made for chéngeé in stock, industry by .industry.

It would appear reasonable, 'as certainly it is algebraically



........

11

Aconveni@ﬁt,'td try ‘to ‘express changes in terms of gross
value of .output 6fjthe'industry, the ‘marginal figure of

' i
P

the IO table. . EonAthe_six industriai groupé the relevant

figures for 1956 are as follows:-

Gross Stock Per-

Industrial group output end of cent-
~ 1956 1956 + age
S e £€m £m
1 Agriculture 181  141.1 . 78.0
" 3 Conmstruction - 69 15.1  21.9
3.Engineering . . 34 1c.1 29.7
.4:Food drink, tobacco 179 (“"35.2 19.7
5 Other 1ndustry R 149 . -38.1 26,6 .,
6 Serv1ces e . 237 . .7C.C  29.5
“UTotatl i el w849 | 509.6 . 36.5

PR LS R
PR AN DRI
: H .
e
Paegas s

“If!the .gross output of industrial group i be Y in the

+

";refefence year and Y io: in 1956 the base year “and if the

stock ratio Py be assumed to apply throughout then A1n the
reference year the increase in stock may be taken as’

3

(4) . v, = (Y, - Yio)pi/T.

Admittedly this formula is not very satisfactory in that
it assumes an arithmetical rate of increase between base
and reference years, whereas one would prefer the geo-

metrical (or "compound interest") hypothesis,. The

"arithmetical formula has the immense advantage that

thereby the'equations in the IO model displayed below

are maintained linear,
Applying the formula to the foregoing data,

following are the actual formulae for stock increases in

the reference year:-



12

-Formulae. for. increases in stock in
reference year,
. . Lot e

Industrial Increases in

Group. . ;.7 stoeck’' '
1 Agriculture : ~14.11 + O.O780Y1.
2 Construction St = 1,51 + C.C219Y,
3 Engincering : - 1.C1 + 0.0297Y3
-4 Food,drink, tobacco : ~ 3.52 + O._,Ol97Y4
5 Other industry t.~ 3.81 + 0.0256Y
6 Services , : - 7.00 + C.0295Y6
.. o . - o ; '-~‘<~.,.3*" A I
" Exports, The coefficientg_xi'invth;§'qolumn of
Table 3 are the least stable in the model.. - - There is no

reason té édppoégffhat p%bbortions obtaining in 1956 will
obtain in any future year of reference. Clearly the
future pattern .depends on ‘éxterdal 'demand, ﬂ“Méhy:J:
4a1ternative reasonablé?patfeﬁn§:mayybe”poétﬁiaféa'fd;‘
.gﬁexponts;'however,-addﬂthe model'ﬁill'sﬁﬂply thé"whdiéi
consequential ‘economic ‘pattern.’ rTHe'thél,”épbfiéﬁ'td
the éetailed I0 table,will identify the exports which it is

in the country's interest tO'promotéu:
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The Equations of the Model _A R S _—

With number of industrial groups m and period
from base to. .reference year T the equations (by reference

tozthg,qotation'in‘Table 3) are as follows:-

1 1
(i) Interindustry: Z.a,.Y. + h.H + g G + v.V
374977 i i i
+ pi(Yi - Y;o)/T + xiX = Yi’

I Lot V,

. {ii), ., Gross.domestic product: 2 = ch5Y;i“
f(iii)"GrbSSfﬁixed capital EOfmainnij V‘ = qZ
ki&j: JCﬁé;gé in stock: 'Vﬁ = :igﬁ¥i - Yio)/T
?Y?"d;#59§eh°1d=‘;Zjéngj + F=Ha+D+ 8§

Avi Government:. % .c..Y. + h H =G + B +:8
cvi) ernme I g g

23 31

(vii) Transfer payments (redistribﬁfion);ﬁl
ch3ij + D+ B =2¢C

(fii%) Saving - capital! El(é ;:¥ c. 5*. +-é + S + dG

BRIV

. . R T R
(ix). External: I _.(b. + cz.)Y. + h-H+ g G + Vv V- v+ x X
375 o | m m m m

st ,-.4"

A°X + F + N

These equatiéns simply give algebraic expreééion:fa.éﬁé”
accounting idénfifies.of the type shown in Table i;f‘
Amongst the (n +“8Y relations one is |
redundant 'as will be seen by adding both sides bf.(ij'd
(n equations) (v), (vi), (vii); (Giii) and (ix); :rdg
using the unitary properties of the coefficients it wili
found that the left side is identical with the right side.
There are accordingly (n + 7 independént'reiétiohg in
gene;al in the system, Relationg.(ii):hkiii)”énd.(i;ﬂ
are definitional in character, In any single experiment

the coefficients, i.e. the small letters/are going to be
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regarded as given, The variables;aregthenefoﬁe;Xi, Yd,...,Yn;
] rn X . . .
H, G,V ¥, X, 2, F, D, S, Sg;:B, N numbering (n + 12).

“There ‘are .accordingly 5 degrecs of freedom in 'the system;
5 variables have to be assigned preédetermined values to solve
the system; or all or some of them may be additional

relationships.

’

Two Applications to ifish ﬁata

Both will'bé'basédggenérally on the unitary
coefficients in Table 2, ‘The''object ‘of “the calculations
was to disquer'if there were any .snags in tne‘nquing,of
the model in practice% and to see if it yielded reasongble
answers, Othégﬁise fﬂ;ge afithmétigal é#eréiéeé, using
a desk multipl&ingAhacﬁihe;'wouid"bé qufég'ﬁgnéééssary a
since, even with a large—dimensignal I0 matrix,- the cal;
culations woulq b@;QriyiqlLy §implg apg'speegngq a digital
computer, This point will pe,Qeveloped later,

f: ‘E;eﬂ €h§ugh ?héfe“ére i2 va;iggiéé‘fﬁpge'cgi;.
cula?ed from 12 lihear.simdifaneous equations‘the system
:is nbt-h$ formidable,'eveﬁ'ﬁorfhaqd:qalcuiationgvas might
at first sight appear. : In{fact, once the n equations (i)
have been solved for the Yi in terms of H, G, V' and X and
the. resulting expressions substituted in the remaining
equatipns,w;pesg;tqu_outlpo bg~oftvgryfsgmgleaﬁypgf,w_They
are solved for whatever set ofivariapla§ oqg.caF?s\Eéw“.Ef
regaqq as}dqpegdenpﬂor en@ogegous.'u The§p.yg;ues:qggﬁtnen
substituted }n the }iﬁ??ﬁ Fxpggss}ggglfprxfyqfxi_y%g;ding
the values, of these variables. .,

L -'\. el A B Y

Prpm;nqw on, the 5 predetermined variables or

relations,will be termed the instruments.  For boﬁh_

applications we shall make the following asgumption&:—-_l

o . e C P .1
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(i) that the timé period is 1C (= T) years,

the base year béing 1956 so that the year ofn'
reference is 1966,

(ii) lfﬁat the economy, deemed measured by gross
domestic product Z, is advancing py 4% a year,

i.e. in 1966 Z is given as T
SE S Lo, N T

- e R Yol .
Z'= Zo(l.g4) = ?12 x 1.480245 = 757.9;

. -t ’
(iii) from (1) above V is then known as

I . . N
P e . .

t

V =qZ =10.2 x 757.9 = 151.6;

»

N D) that .government current expenditure G will
advance at about the same_rate|as'GDP‘in.fact

- ..by BC¥h:

G = 1.5060 = 1.5C x 63 = 94.5:

H

(v) that factor income from abroad F (£41

N

cony million in 1956) has advanced to
F = 5C; .

(vi) that government transfer payments (£72

million in 1956) in 1966 are

B = 80,

3

and that the unitary pattern of government
expenditure i.e. the g, and 8 of Tables 2 and
3 were the same in 1956 and 1966.

~

In equations (5)(i) the coefficient matrix of the Yi is

1

P [ -y Ty - ]y
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al
where d, . = 1 whon.j = i, zero otherwise,. On inverting
' 5 ) e
“ this matrix using the coefficient  data in Table 2 we Ffind

1.1391 .CG37 . 0026 L4756 .C19¢ . CoC7

.0C11 1.0566 ~ .0C35  .C011  ,0115  .0C59
1 .C241  ,0758 1.1386  .Cii7  .C214  .C218
P = :

.1027  ,CCC4  .0CO3 1.2092  .0C17  .0CC1

.C725  ,2439  ,17C7  ,0727 1.,2488  ,0445

L0775  ,1347  ,111¢  ,0834  ,C756 1.C678

The foregoing data were common to both applications,

o)

Application I,

v

It was aSSﬁMéd ghaf in 1966 thénﬁﬂitary pattern

. of hoﬁéeholq expeﬁditufé'én&.exports were those off1956,
i.é:aasgéiven in Table 2, In addition the country tries
to budget for an export surplus Qqua;ftO'S% of exports i.e.

¢

N = - C.05%.

We now have all the data required to find the
values of'the Yi and the macro—economic variables in 1966,

Solving for the Yi from (5)(i) by using the transpose of

-1 .

the inverse matrix (P 7)  in the usual way we find for the

Yy

H G V' X ~ Const
Y, = .2908 .0199 .C045 .4768 -17.83
Y, = .C131  .1892  .5967  .C039 -1.70.
Y, = .C365 .0302  ,1499 o .e341 " -1.88
Y, = .3C84  .CC18  .00C4  .3404. . -5.71
Y, = .1899  .1158  .2966  [27C7  ~6.89 "
Y, = .3318° 8069  ,09248 2892 ~9.,47

e.g. the formula for Y1 reads

‘Yl = .2908H + ,C199G + ,0045V 1 ,4763X - 17.83.

On substituting these values for the Y. in the remaining



equations

Eq.

(idi) .

(iv) ~-.
(v) .. =.
.2238
0272 -,
.c1c2 -,

(vi)

(vii) -,

(vididi)

L7C77°
c447 -.

i

et
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of the model we find

H

5107

X

8479

0604

.6018
.1871

0290
C483

Sy .s.g \%
= 614.7
17 = -25.6
-1 o = ~156,2
-1 = 1562.5
= 78,3
7

1 1 = 110,

Ostensibly in 6 variables this system can readily be

reduced to two.equations, in H and X only, namely (ii) and

the sum'of (v) ~ (vidi),

The values of all the macro

variaﬁigghin the. system are then found as follows with

the 1956 values inserted for comparison:-
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APPLICATION I

Percentage
. . 1956 1966 increase
Macro-economic variables
&m £m %
Z Gross domestic product 512 . 757.9% . 48 *
V Gross fixed éapital formation 87 151.6% ' 74 %
R " B
V Change in stock ' : - 15.1 ' -
"H” Household expenditure 434 §42.6 25
F TFactor income from abroad .z 41 .5C.C* 22%
S, Household saving 22 98.5 . 348
S Company saving (including
depreciation) 4¢C 59.C 48
D Transfers to households 55 55.7 1
G, Goyernment expenditure oy
""" (including depreciation) 63(2) 94 .5(3.C) 5C*
B: : Government transfers ' 72 | 80.C* C11
‘Sg:quernment saving. o _ : 2 . 19.8 . 89C
X Exports o . 149 272.1, .83
M Imports (incliuding profits
paid abroad) 211 307.5 46
N Import excess (net extern
investment in the State) 21 -13.6 -
Individual industries
Y, Agriculture, forestry, -
fishing 181 272.3 5C
Y2 Construction ‘ . 69 114.8 66
Ya‘Engineering ' 34 " 52,8 55
Y4 Food, drink, tobacco : 179 254 .5 42
Y5 Other industry 149 225.7 51
Yé Services 237 339.9 43

¥Predetermined instrumental values

Readers wh6 may trouble to cast up the external equation
((5)(ix) in the model) will notice a discrepancy of about
£1 million, This (which also appears in Application II)
was due to an unfortunate small error in copying the

matrix F prior to inversion. Since these calculations are
only illustrative, and since the error does not affect

the inferences anyway, it did not seem wHorth while to
correct the figures, This experience points, however,

to the value of equation (5){(ix) (or whichever equation

one selects as redundant) in the model for checking

purposes,
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It will be noted that two new variables ha&é
béen introduced, namely company saving Sc‘agd impoftg M,
In fact the whole of the IO taplg for 1966.could be re-~
pfé&dcé& frbﬁ tﬁé foregoing'dafa;.psing tgehcqefficignts
iﬂ Table 2.and\we are assured that fhe table would‘bé
consistent inuall it;.;;fts; for instance sales of
agriculture té the food etc industry (£64 million in 1956)
would be £97.3 (= 0.3573 x 252.3) million in 1966, A
large superstructure has accordingly been built on . a very

[

L N :
instrumental values,

i

U pow
ﬁ.u:Tﬁe“sfrategy involved in Application I Wépld be

’

w_'x;f,f

a Vé;§ﬁbgd‘oﬁe;.. There is nb prospect.that householders
c;uld be indﬁé;d to ﬁake such a prodigious increase in
saving as indicated, or, in other words, that they would
make such a sacrificé in consumptiodi4'noté:the rise of
only 25%, The figure oF £22 million fo; saving shown
for 1956 is unrealistically low, however: on recent
experience the ‘figure should be equivalent‘to about 1C%
of household ekpenditure; the figure ofi£98.5 million
equéls 18%., There are ofﬂér anomalies amongst the macros.
On the other hand, for what they are worth, the rises
shown in the individual industrial groups seem reasonable
enough - apart from one's‘feeling that the r;sg in gross.
agricultural output of 5C% in 1C years ignbeyond th?54

bounds of optimism. PR .

It is highly éignifiéant that our broad judgment
of the validity of the sfragegy'implied in choice of
instruments was based on the macros, It might be argued
that it is a point in favour of the present model that the
macros are an integral part of it; and the national

strategy must be based on the macros,
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Applicétion'II..

; For the second exercise it was decided that
~household saving Sh would be fixed at 12% of household

expenditure, so that an instrumental relation would be

it : ! i B 4 . i

leaving the impoft balénce N ‘endogenous., ‘In addition the

fr-Leser»pattern of household expenditure* for 1966 was
adopted,. Also it seemed that export proportions should
be modified: the fbllowing figures assumed for 1966

" should be regarded as purely experimental:-~

v
)

Export coefficient X,

Industry i 1956 1966
a0 zo87 0 las

2 e o

) ,:3 o J.0134, ,'-‘02

4 B . 2550 .25

s \1745 21

A 6 - - ©.2148 < .24
Imports . .0336 .03 .

._,_1:. - 1

e —

‘wTHese two sets bf‘coefﬁiciénts are believed to be moreé.
4wrealistic:than‘those for 1956 used in Application I,
_The.éolution'proceeds on almost identical lines as

before and it may not be necessary to reproduce the details

of the calculation. Following are the results:-

* .
See page 6.
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FPercentage

. 1956 1966 increase
. Macro-economic variables
£m £m 7
Z Gross domestic
product 512 757 ,9% 48 %
1
V  Gross fixed capital _
formation 87 151.6*% 74 %
At
V 'Change in stock - 13.2 -
H Household expenditupe 434 57C.7 31
F Factor income from
' ‘abroad L1 5C.C* 22%
Sh_Household_saving 22 68.5 211
§ Company saving
c . .
(including )
depreciation) 4C 60C.2 51
D Transfers to house- o :
tal holds 55 56.0 L2
G 'Government expend- .
" diture (including : SRRV S
~ depreciation) 63(2) 94.5 (3.C) SC*
B Government transfers 72 7 8Q.Q% L1
Sé Government saving ' 2. 21.3 .. 965
X Exports 149 245, 2 65
M Imports (including o
profits paid abroad) 211 3C6.0 45
N Import excess 21 . 11.8 -44
Ind%vidual industries . \
Xl Agriculture,forestry,
: ‘fishing o 181 237.C. 31 ..
Y, Construction. . 69 116 .2 68
:Y,5 Engineering 34 59.0 74
Y4 Food, drink, tobacco 179 236.5 32
Y5 Other indus'try 149 227 .4 53
Y6 Services 237 372.3 57

* Predetermined instrumental values

Application II affords a much more reasonable

outcome than does Application T,

Amongst the macros
+-the only bizarre figure is that for Sg,”governmgnt.
saving, (also large in Application I).- This may be
regarded as a reflection of thg too low ;nstrumental value
of £8C million for transfers - w;}; ipcome redistribution
be relatively higher in the future than in the recent
paét?~ On the other. hand, government may have to také

over a larger share of economic investment to attain
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:pngptives in the future,. The rise of only 31% in pouse—

hold éonsumption is a reminder that no economic advance
is concéivable without sacrifice, The external deficit
of £€11.8 million is of modest dimenéions. As regards
industries, the showing of agriculture is now much more

rational - it -may even be conceivable that a ten-year

increase of 31% is within the bounds of possibility.

or courée there is no attempt heré to discuss the
economic implicétionsvof the mdael. The 6 x 6 IO table
. used for illustrative purposes does not show up what may
possibly be bottlenecks to development:.in setting targets
for indiv%dual industries thch they mayifegl is beyond

theif capacity.

Some Remarks

The proposed decision modél is Qf.great‘
eimplicity; at thg same time the mdde% is a bdﬁpfehensive
one., The writer regards the function of these models
as strictly limited ‘and that over~elab9ration is at all

. costs to be avoided,: It is possible *o be'éénsistent
at any level of detail; on the one hand itfig quite‘a
useful eketcise to sﬁéculate on the macro—eéonomic entities
alone witgin the frame-work of the nationai acéounts*
(wﬁich are equivalent fé a1l x 1 iO table!) but this tells
us nothing ébout the industrial pattern ahd so the
‘exercise does ‘not constitu?é blue—print for a Flan, On
“he other hand”if the Plan.is prep;fed_in too éreat
detail theore ié pro tanto a lessef dégree of flexibility.
The proper course would appear to be to set out the
preferred blue~print in somgwhat general terms and place
oneself in a position to ﬁédify its details as -the period

of the Plan advances, with as little interference as possitle

B

- . . . . .
E.g. the writer's stencilled memgranda entitled "A Simple
Macro-economic Growth Model", -Farts I-III,. ; '
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with iﬁs‘rather general lines,

- It will be convenient to discuss the model
under, two broad headings
A AT . . .
(1) work to be done on the model itself to

_make it a better instrument; and
LIRS . )

i )

. .(2) the use of the model for planning.

VR L e, .
. e e .o

Theprowpeagings ére noé, of:;oursé:'distincf. Most. of
these, concluding rémarks wilic however, be confined to (1).
The object is to pfaduce an IO table for the
future year (or years) of referencé; Accordingly ‘all the
coeffiq%enfs should ideally be those pertaining to that
iye§§quiph,iof course, aré unkﬁéwﬁ..' Our best efforts
must be“d;tgcted towards making fhem realistic -in the
ﬁ_pxper}mepial.series proposed, As regérhsfthé:technical

.’,ﬂoefﬁicients, i.e., the aij and bi of Table 2,  the writer

recalls a conversation wigh Wassily Leontief the "
inventor of IO, iﬁ‘ﬁérv;f&“some years ago., Leontief rwas
., -very much exercised Qithifhis p;oblém'anﬁ hig approach to
Vmodernizat;opﬁ (ér perhapé'one ﬁight'wfite "futurization")
of these coeffi;ients was ;ﬁ interesting one.’ He and
., his assistan?s @ére trying to sef up a coefficient system
based on a saﬁp;e of estéglishménts in'thé differené

i . .
industries which were founded within the previous five

years, on the assumption that these would yield the

average pattern for years ahead. This is 'an approach

-~Whi9b it should be easy to try out in this country. Also
.ét_m;ght be useful to cgﬂsult ekperts'in the different

- -industries abou£ the inferindustry4Eoefficient.matrix of

‘the’ future. . I

Tl .

As regards the import and ﬁfiméry input sections
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of the IO table, many expertments may be made within' the
present model, One important question is: what will

the effect be of_the probably more than proportionate
inoreese }h imports of materials for all or some industries
under the freer trading conditions in future. Unless
exports respond, balance of international payments
difficulties will arise. In connection with the exam-
ination of this problem_there will be no trouble within
the‘model about expanding the single 1ine for imports into
as mahy headings as one desires~ or of examining the
desxrablllty of promotlng 1mport substltutlon (by home
produots) on the most efﬁlclent 11nes when thls course is

considered expedlent.

due cannot essume the permanence of the
rre;atdohship';n“eaeh industry of the proportion borne by
primery dhput to‘gross output, i,e. the aggregate
coefflcaents Cj'_ _From a rather cursory exemination over
a falrly extended perlod of years in the ratlo net output
to gross output of the leferent 1ndustr1es the wrlter
has obseryed no very marked trend: the data w1ll bear
'further ehalysis, The writer has far less objept;on:than
most of his oolleagues to the heinous practicehofuertra—
:Polation_f when conflned to coeff1c1ents as_dist;hct
from absolute f;gures. Wlth the prlmary inout seot;on
the categories can be further_e;aboreted within the
model, One can easily examine'the effect of‘ohangihg

the government income coefficients, for example.

As regards the coefflclents in the flnal demand

part of the I0 table, the best method would be to try out
many alternatlves The household consumptlon coeff1cxents
hi are probably the most 1nflex1ble and therefore

predictable; the export coefflolents x; are the most




course) that one feeds into the model.
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o
fiexibIéJm'her@,@apqcialiy there must be.many experiments
to devisc: the export linéé Jﬁich would be most pfofitable
(in terms of GNP) to push, Inevitubly agriculture

(with“ifs'larger-internal factor content) will receive a

high'exbOrt rating, ~The possibilify of devising thé

vt
i

optimal export.distribution subdject to constraints,

with GDF'(Z) as. the preference function, using linear

e (1

programming, is now being examined in the Institute.

The solution of the model for any given set of
inifial'iﬁstrumental values or relations - which, by the
wéy,'may’be any 5 selected from the whole range of

[
variableés in the system - will depend on the pre-assigned

e — \ _
values of the coefficients, Hence, if predictive accuracy
were required the whole approach would be a hopeless one

indeed.’ This is far from being the case, however; how

e

far remains to be sgen;“!"All'the figure-work, and a great
:éeal will be requiped, islbuﬁ a means tqwapds.éhé end of
devising a workable Plén and it may wél; (apd happily!)
hagpen that the best Piahlié a more or less invariant

to the kind of data (within the limits of feasbn, of

_ The only way to
EE I

idéﬁtify the.best Plan andnfo’sﬁudy this problem of
coefficient sensitivity ié:%é”&sk.tne model a great

variety of questions and to examine the results,

Accordingly recource must be had to a
digital computer of suitable capacity. Fortunately,

since the model is lincar and since the solution of only
. . R o R

linear simul;angqus eqﬁations is -involved, it will not
'pe necessary to bpogréﬁme cach of %the many proposed
experiments separately. "Ail the machine companies
have a sub—routiné for solving linear simultaneous

equations; c¢nce the data are prepared and set into the
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machine the complete answer emerges in 2 or 3 minutes,
With all the answers before it, the Planning Authority

will bé in a position to make its recommendation,

HE .
H s

Of courseé this recommendation cannot be made
on. the éhowing'bf the figures alome. In fact, it is Ffor
the eéonomists and statisticians of the Plan to propound
the queétions fo'the model and, the more important stage,
fof the economists to examine and to pronounce upon the.

solutions which emerge.

"Another'impoftant set of ‘quesfions centres
“around the classifications used, especially in the inter-
ihdustf&"pé}t of the IO table.  Is it enough that there
téﬁbulalﬁé'a single heading for '"agriculture, forestry,
figﬁing"? Coﬁéideraﬁle difPiculties will be experienced
"iﬁ-exténding.fhé'diﬁehsibns'of'the table: a compromise
worth examination might be to extend the number of lines
: gé‘theléfeséﬂf;fablé (rétaining the present’ columnar

clgésificatioﬁ'bf'ﬁﬁ broad ‘irdustrial groups).

Labour Aspects

-‘Moéf.aéproéchesﬁéisewhéfe of the present type
contain a production function with a labour constituent.
The wfifér pféférs‘iaﬁourﬁ(and its classification in
‘desired detail)'to be ﬁegérdéd as endogenous in Irish
conditions, with a:large‘labour surplus ., The set of
numerical experiments contemplated must therefore include
varioué‘assumptions about the labour productivity rate
of iﬁcfeése within the bouﬁaéAoE possibility.':-O? course,
‘with pfoductivity:éiven, the present model can be used to

fbfeéast manpéwér, capital etc provided statistics Ffor
‘these are available in the base yéar.

o ]




