
2 takd: . f  br I ! 

; ti, . .  p:+>+ 
The Input-Output Approach to -d-- 
Modelling the Regional Economy - l 

determinants of output and employment levels. Although these models 
were initially simplistic and focused attention only on the major 
regional aggregates (such as regional income and employment), there 
has recently M n  a proliferation of far more detailed models based 
upon time series data. A major requirement of these modek, however, 
is a data set which spans several years, preferably at least a decade. An 
alternative approach to modelling regional economies is to construct a 
detailed snapshot of the input-output linkages that exist within a 
region. This can then be used for predicting the consequences of any 
planned or potential changes in the demand for the region's output. 
The technique was developed by Leontief during the 1930s and has 
since been used in a wide range of application4 including regional 
impact analysis. 

The input-out ' method is based upon the simple, but funda- 
mental, notion t.--- the production of output requires inputs. These 
inputs may take the form of raw materials or semi-manufactured 
goods, or inputs of services supplied by households or the government. 
Households provide Iabour inputs whilst the government supplies a 
wide range of less visible services such as national security. Having 
purchased inputs either from other producing sectors, households or 
the government, an industry then produces outpqt,pnd sells this either 
to other producing sectors or to 'final demanders, such as households, 
the government, residents of other regions or to firmsfor investment 
purposes. 6 , ~  &*I i 

Exactly how input-output models are conscructea, and the uses to 
which they can be put, is the subject matter of this chapter. The first 
part of the chapter deals with the construction of input-output 
models in general; the second part examines a number of interesting 
(and quite Merent) applications of regional inputroutput modeIling. 
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2.1 The InpueOutput Method 
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The Transactions Table a pELL 1 1 ~  1 I' 
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The input-outpu -' nkages that exist with~n an economy cannbe neatly 
formalised by coll,.:ucting a transactions table (or flow matrix), which 
records all the production flows occurring within the regional economy 
during a specific year. Inputoutput models vary enormously in their 
degree of industrial disaggregation, ranging from the 7-industry model 
constructed for the Northern region (Northern Region Strategy Team 
1976) to the gigantic 496-industry model of the Philadelphia economy 
(Isard and Langford 1971). In between these two extremes are models 
such as those for North Staffordshire (Pullen and Proops 1983) with its 
27 industries and Scotland with its 76 industries. A condensed version 
of the 1979 Scottish transactions table (Henderson, 1984) is given in 
Table 2.1. Although only 9 producing sectors are identified in this 
table, it provides an excellent example of what an actual transactions 
table looks like. L: '!I ' 

* L u  
The main elements ot the transactions table can be understood by 

considering a simple illustrative example. Table 2.2 describes the 
input-output linkages in a three-industry economy. Consider first the 
upper left-hand quadrant, which is referred to as the processing sector. 
This sector lies a t  the heart of the input-output system. It describes 
the flow of output from one producing activity to another. Reading 
down the first column (and ignoring the numbers in brackets for the 
time being), we see that agriculture requires £20 worth of agricultural 
inputs and £20 worth of manufacturing inputs in order to produce £100 
of agricultural output (shown in the gross output column on the 
extreme right of the table). Agriculture also needs inputs, however, 
from households (labour services=£ lo), the government (government 
services=£lO) and from other regions (imports=£lO). These are 
obtained from the payments sector in the lower left-hand quadrant. 
Finally, by reading along the first row, we see that agriculture sells its 
output not only to itself (£20) and to other producing sectors (manu- 
facturing=£40) but also to 'final demanders' such as households (con- 
sumption=£20); and to residents of other regions (exports=£20). 

Notice that the gross output of each industry is exactly equal to its 
gross inputs (i.e. the total outlay). This equality between gross output 
and gross inputs is a consequence of the fact that the transactions 
matrix is constructed on the principle of double-entry book-keeping. 
The entire output of each industry must be accounted for by the inputs 
used up during pk'oduction. Any excess of the value of gross output over 
payments made for inputs is profit and is included in the payments 
made to the household sector. The transactions table therefore tells us 
exactly where the inputs of an industry come from and where its 
output goes to. In doing this, the table focuses attention on the 
interdependent nature of economic activities. 

Before explaining how the information in the transactions table can 



Table 2.1 The Scottish Transactions Table 1979 (in E Million) 
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Source: Henderson (19841, p. 13. 



Table 2 9  The Tmnsactions Table - 
Inputs purchased by: Final demand sectors: G 

Agriculture Manufacturing Services Households Government Exports Investment output 2 
Output produced by: 
Agriculture 20(.2) 40(.2) O(0) 20 0 20 0 100 

4 
3 

Manufacturing 20(.2) 20(.1) 10(.1) 75 10 55 10 200 
Services O(0) 40(.2) 10(.1) 25 20 5 0 100 g B 
Payments for i& 
Households services 40(.4) 45(.225) 70(.7) 5 0 0 0 I 
Government services 10(.1) 15(.075) 5(.05) 0 0 0 0 g 
Import. into region 10(.1) 40(.2) 5(.05) 0 0 0 5 z 

0 
Gross inputs 100 200 100 125 30 80 15 650 

Note: ( )=technical coefficients. See text for details. 
P 
I? 

Source: Yan (19691, p. 20. 5 
0 
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be used for forecasting the effects of changes in the final demand for 
the region's output, several additional features of this table should be 
noted. In particular, it provides valuable information about the under- 
lying economic structure of the region. This is indicated not only by the 
pattern of inter-industry linkages (which are examined in more detail 
below), but also by the relationship between the final demand sector 
and the payments sector. Table 2.2 shows, for instance, that in this 
specific illustration the g o ~ e ~ n m e n t  expenditure of 130 in the region 
equals the payments to the government sector (viz. taxation). Exports 
can also be seen to exceed imports. Finally, the value added by the 
residents of the region during the production process is £160 (which is 
the total payment for household services). This is the region's GDP, as 
can be seen by subtracting payments to the government and to other 
regions from total final demand for the region's output: 

. ~ r w  
' Household consumption . L *Government expenditure in region 

-7irrr: $5 
4~ Regional exports A '7g . 80 
' *m ' Investment in region = 15, 

' I '  Payments for government services (taxatio~ = -30 
-*I>. Imports into region = -60 
'"'i .. Reeional GDP "3"" $ 7  

4 1 
4 

' I  1 
Fixed Coeffizent Technology 

' H d L ~ "  
The purpose of constructing a transactions table for a regonal 
economy is not confined to describing input-output flows. Once the 
interdependencies between sectors have been quantified, i t  is possible 
to estimate the effect of any change in final demand on the entire 
system. But initially a few critical assumptions have to be made. 
Firstly, it is assumed that the production technology is one of fixed 
proportions (sometimes known as Leontief technology). In other words, 
industry j would have to double all its inputs in order to double its 
output. Furthermore, this relationship is assumed to remain constant 
over.$he period for which any forecast 

* 
where: 

xii=flow of output from industry i t 
and j as a column (e.g. xI2=40 in Table 2.2) 

Xj=gross output of industry j (e.g. X2=200) 
aG=the technical coefficient relating inputs to output 

(e.g. al2=xl2/X2=40/20O=0.2) 

Equation 1 simply argues that the flow of output from industry i to 
industry j is a fixed proportion of industry j's gross output. If gross 
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output increases by 1 unit in industry j, then aii extra inputs are 
required from industry i. The coefficient a ,  is obtained from the trans- 
actions table by simply dividing x" by Xj. The full set of these 
'technical coefficients' are shown in parentheses in Table 2.2. (The next 
section utilises these coefficients for forecasting the impact of a given 
increase in final demand on the entire input-output system.) 

A further assumption used in input-output models is that there are 
no constraints on productive capacity, which is assumed to be able to 
'deliver the goods' if there is any increase in final demand. - a 

4 * -  

Forecasting the Inter-Industry Effects of an Increase in Final Demand 

To demonstrate the value of the input-output method in forecasting 
the consequences of an increase in final demand on each industry's 
inputs and output, it is helpful to take a specific numerical example. 
Suppose the final demand for agricultural output increases by £10. In 
this case, we assume that the increased demand originates entirely in 
the export sector. Suppose also that spare productive capacity exists in 
all sectors and that any increase in labour income will have no effect 
on household purchases from within the region (i.e. households are 
'exogenous'). The assumption that households are 'exogenous' is 
obviously unrealistic, especially for applications of the input-output 
method to regional economies, and it will be relaxed below. An 
increase in agricultural output of £10 means that the agricultural 
sector requires: 

,?. 1 0.2~£10=£2 of additional agricultural output . . I 0 . 2 ~ 2  10=£2 of additional manufacturing output 
.r .-r 0.4X£10=£4 of additional household services 
, lil 0.1 x £lO=£l of additional government services 

0.1 x£10=£1 of additional imports 

This ik, &ly the second round, however, since extra output produced by 
any of the three industries will itself generate further outnllt effects 
through inter-industry linkages. The inter-industry effec For the 
second, third and fourth rounds are shown in Figure 2.3 

With each round, it can be seen from Figure 2.1 mar me  net 
additions to output in each industry become smaller and smaller, 
eventually converging on zero. By adding the extra output produced in 
each round of expenditure, a cumulative total is obtained for each 
industry. In the present case, the cumulative effect on each industry of 
an increase in agricultural sales of £10 is as follows: - 

The eff'%:f an in lse in the demand for agricultural expGTidf £10 
are shown in the la1 column of Table 2.3 The effects on each 
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Table !A3 The Eflects 

outprrt produced by: 
Agriculture 
Manufacturing 
Services 

Estm payments to: 
Household aamrices 
Government services 
Imports into region 

Gmss inout 

fan Increase in the Final Demand f c  

Extra inputs purchased by: 
&riduEtum, Manufacturing Semices 

-- 

r Agricultural Goods by £10 

Final demand sectors: Gross 
Households Government Exports Investment output % 

0 0 10 0 13.96 
2 

0 0 0 0 3.02 
0 0 0 0 0.67 

? 
8 

0 0 0 0 6.45 8 
0 0 0 0 1.59 
0 0 0 0 1.96 0 

E 

0 0 10 0 26.95 # 
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individual input-output flow are obtained by simply applying the co- 
efficients shown in b\ackets in Table 2.2 to the gross output column in 
Table 2.3. 

It is particularly important to note that additional income earned by 
the household sector (i.e. 26.45) is not earned entirely by workers 
employed in the agricultural sector. Households supplying services to 
the manufacturing and service sectors also increase their income as a 
result of the indirect effects of the increase in output by these two 
,ctQrs" q 

Output and Income Multipliers 

Inputoutput models are constructed primarily because they provide a 
detailed breakdown of the effects of the predicted changes in output. It 
is sometimes useful, however, to provide a summary statement of these 
predictions. This can be done by constructing sectoral output multi- 
pliers and household income multipliers. We turn first to sectoral 
output multipliers. 

These are obtained by first calculating the inverse matrix. The 
inverse matrix shows exactly how the output of each sector will be 
affected when the final demand for a region's output increases by £1. 
For very small input-output models (such as the 3x3  model being 
discussed here), it is possible to calculate the inverse matrix 'by hand'. 
But as the model increases in size, the task becomes more complex. 
Fortunately, the calculation of the inverse is made easy by the 
existence of computers and standard statistical packages. 

In Table 2.3, for instance, we saw that an increase in h a 1  demand 
for agricultural goods by f 10 would increase the gross output of each 
sectohas follows: 

Agriculture 
Manufacturing 
Services 

~h!s*?m~hes that an increase in the 
goods by f 1 vould increase the gross output of each sector as follows: 

l-3 

'-4 
Agriculture I 

P ~ N I  Manufacturing 40. w -  , 

u b n  Services 
.A 

Summing these we obtain a total (direct+indirect) effe& 'on gross 
output of £1.695. This is known as the sectoral output multiplier for 
the agricultural sector. A similar exercise can be undertaken for the 
other two sectors, the results for which are given in Table 2.4. The set 
of numbers given in Table 2.4 (excluding the column sums) are, in fact, 
the inverse matrix for the 3 x3 model described in Table 2.2. Thus, a £1 
increase in the demand for manufactured goods would raise moss 
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Table 2.4 The Inverse Matrix and Sectoral Output Multipliers for Each Sector 

Agriculture Manufcu:turing Services 

Agriculture 1.326 0.302 0.034 
Manufacturing , 1 ,  0.302 '"I ' - 0.134 
Services - - 0.067 0.269 k I :? -  1.141 

Sectoral output multiplier 1.695 1.779 1.309 

Note: The sectoral multiplier (k) is defined for the case 
(see next section) as follows: 

Direct effect+lndirect efict k = 
Direct effect 1 .,. 

Source: Yan (1969) p. 

and £0.269 respec ?ly; and similarly for a 1 sase in the demand 
for services. 

To provide some idea of the size of these 
in practice, Table 2.5 gives those recently estimated'for the ~ o r t h  
Staffordshire economy by Pullen and Proops (1983). Also included in 
Table 2.5 is the corresponding set of employment multipliers. These 
are obtained by combining the sectoral output multipliers with each 
industry's output/employment relationship. The employment multi- 
plier is simply the total employment generated as a result of the 
creation of one more job in one of the producing sectors. In general, 
both output and employment multipliers are seen to be small. Only 3 
industries, for instance, have output multipliers greater than 1.3 
whereas 8 industries have output multipliers less than 1.1. The 
smallness of these multipliers is a direct consequence of the substan- 
tial import leakages that occur as a result of the inter-industry 
linkages with other regions. This is reflected by the fact that 80% of the 
purchases of industrial goods and services in North Staffordshire are 
from outside the region. Such a high propensity to import inevitably 
results in low multipliers for the region's industries. 

Output and employment multipliers are not the only types of multi- 
plier that can be obtained from the input-output model. Income multi- 
pliers for households, for example, can also be calculated. These house- 
hold income multipliers differ from sectoral output multipliers since 
the latter refer to the direct and indirect effects on the output of the 
processing sector whereas household income multipliers refer only to 
the effect of output changes on the income of the household sector. The 
simplest household income multiplier is obtained by first calculating 
the total increase in household income generated by an increase in the 
demand for any given sector's output by 2 1. The result is then divided 
by the increase in the household income of the sector experiencing the 
increase in demand. This is the household income multiplier. 

It is easily obtained for each sector by utilising two pieces of infor- 
mation: (i) the inverse matrix (Table 2.4); and (ii) the purchase of 
household services per El of gross output (as given in Table 2.2). 
Suppose, for example, that the demand for agricultural output 
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increases by 41. This will lead to an increase in the gross output of each 
sector by the amounts shown in column 1 of Table 2.4. Multiplying 
each number bv the amount of household services needed to ~roduce 
each unit of oss output (see the household row in Table i . 2 ) ,  we 
obtain: 

@1.326x0.4 = £0.530 
£0.302~ 0.225 = $0.068 1- ( 4 0.061 x 0.7 = £0.047 

Total effect on household income =£0.645 

Dividing this by the amount of household services required to increase 
gross output in agriculture by £1 we obtain: 

Household income = Direct e ect+Zndirect effect 
multiplier for 
agriculture 

+ t 
Performing similar calculations for the other two aeclors, we obtain 
2.58 for manufacturing, and 1.20 for services. The calculation of house- 
hold income multipliers represents an additional valuable piece of 
information that can be obtained f b m  input-nlltput models. 

Households: Exogenous or Endogenous? 

In all the examples considered so far, no allowance has been made for 
the possibility that an  increase in household income may lead to an 
increase in household consumption of locally-produced goods and 
services. This is clear from the column of zeros recorded for the house- 
hold sector in Table 2.3. We may ask, however, whether it is reason- 
able to assume that household consumption is unresponsive to changes 
in household income. When household income increases, household 
consumption is likely to increase as well. There are two ways of taking 
this feedback effect into account. The first approach assumes that a 
proportional relationship exists between consumption and income. The 
second approach utilises estimated consumption functions which are 
non-proportional. 

The assumption that a proportional relationship exists between con- 
sumption and income is the easiest of the two options since it only 
requires the 'conversion' of the household sector from a final demand 
sector,into a producing sector. In short, households are treated as if 
their consumption were intermediate inputs which are purchased in 
order to produce an output labelled 'household services'. The process 
described in Figure 2.1 and Table 2.3 above would therefore be 
extended to cover the household sector as well as the three industries 
already included. Thus, a £10 increase in agricultural exports would 


