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1. Introduction
There is no unanimity regarding the relationship between the Social Accounting Matrix (SAM) and
Input-Output Matrix (IOM). For some, the first is an extension of the second, for others, it is not.
Approaches based on SAMs and IOMs involve working with the corresponding numerical and
algebraic versions.
A numerical version quantifies facts of a specific economic activity during a specific period, which
gives a picture of the reality under study, focussing on the part that we intend to study.
An algebraic version, or model, represents that facts in the form of an equation or system of equations,
which allows for the simulation of interventions on the part that we intend to study and the
construction of possible scenarios for that reality.
When worked together, numerical versions can be understood to be databases of algebraic versions
or models. The numerical versions allow for both the calibration2 of models, as well as the assessment
of the scenarios constructed with the interventions experimented with the latter.
The way how numerical and algebraic versions are worked together is not unanimous in the case of
the SAM, but it is in the case of the IOM. For some a numerical SAM is a database completely
adjusted to a previously defined model. For others both, the SAM and the IOM numerical versions
are the starting point for an algebraic version or model.
The SAM or the IOM are both matrix representations of the nominal or monetary flows underlying
the economic activity, usually that of countries. Both cover the generation and use of income,
considering industries (activities), factors of production (labour, capital), goods and services
(products), and institutions (corporations, government, households). However, the SAM also allows
for the coverage of specific details regarding the distribution and the accumulation of income.
Generated income being the difference between the output of goods and services and the intermediate
consumption, a special focus on the latter can be provided either by the IOM, or by the SAM, although
in different ways. The IOM represents the intermediate consumption either of industry by industry,
or of product by product, separating (in both cases) what is domestically produced and that which is
imported. The total output of industries or of products is also provided by the IOM in each of these
possibilities.
The SAM, as presented here, represents the (total) intermediate consumption and output of industries
by products.

2

We can say that a model is calibrated when the numerical version is replicated after its running, without any intervention.
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Therefore, the way that intermediate consumption and output is represented is very different in the
SAM and in the IOM, which is why we think that a SAM is not an extension of an IOM. Each matrix
covers specific aspects and provides very important information about the generation of income.
Graham Pyatt, one of the main authors studied in this research, addresses this issue as follows:
“… SAMs and extended IO tables are not equivalent and one key difference can be explained
by analogy. The essence of IO is not that production activity is disaggregated into different
industries, but that these industries are related, one to other, through transactions between them,
i.e. through the buying and selling of raw materials, and that the structure of production is
conditioned by these linkages. By the same token, the essence of a SAM, in this context, is
not the disaggregation of institutions into different household types plus various categories of
companies, government and the rest of the world, all of which is on offer through an extended
IO approach. Rather, the essential detail is to be found in the matrix of transactions and
transfers between different types of institutions. These details include the unrequited
transfers which characterize the social security system and direct taxation, all types of private
remittance and all property income flows. The pattern of these transfers conditions the
distribution of income in exactly the same way as the pattern of inter industry transactions
conditions the structure of production” (Pyatt, 1999, p.366)
In this study, we present a numerical version of a SAM, constructed from the National Accounts, with
the output of goods and services and the (total) intermediate consumption taken directly from the
supply and use tables. That SAM is a version of S. Santos which resulted from research based on the
study, mainly, of the works of Stone, Pyatt, and Round3. Among the results of this research, which
started with Santos, 1999, the following are highlighted: Santos, 2018, 2015, 2009, and 2007.
Focussing our attention on the output of goods and services and the (total) intermediate consumption
submatrices of that SAM, within the scope of the research of T. Araújo, we study the inter-industry
linkages through the network analysis of inter-industry flows. Among the results of this research, the
following are highlighted: Araújo and Faustino, 2017; Araújo and Banisch, 2016; Araújo and
Ferreira, 2016, and; Araújo and Fontainha, 2016.
In fact, many economic systems – mostly those constructed from empirical data – adopt a
network representation. As these systems are characterised by a low abstraction level, it turns
out that the network representation appears as the most obvious solution, as in the case of air-traffic
and trade networks. This also happens with the specific field of supply and use tables, which is an
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Among the works of these authors, the following are highlighted: Pyatt, 1991, 1991a, 1988; Pyatt and Round, 1985,
and; Stone, 1986, 1981, 1973.
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important part of the national accounting systems. Since these tables are quite similar to adjacency
matrices, there has been an increased interest in applying network theory to represent flows between
industries.
With the purpose, on the one hand, of obtaining a better knowledge of the generation of income from
a numerical version of a SAM for Portugal in 2015, we therefore study the output of each industry,
which is distributed by products that this industry produces, and the inter-industry relations, which
are defined by the production of common products. On the other hand, we study intermediate
consumption, which is distributed by the products that each industry uses, and the inter-industry
relations, which are defined by the uses of common products. Through the analysis of these interindustry relations or networks, the type of interdependence and causal relationships are studied, has
well as the connection with the generation of income.
Section 2 describes the SAM framework and presents the above-mentioned numerical version of a
SAM for Portugal in 2015. Firstly (Subsection 2a), we describe the rows and columns (the accounts
structure) and the cells’ contents (flows) of the matrix.

Next (Subsection 2b), the main

macroeconomic aggregates, the generation of income, and its distribution are identified and
quantified.
Focusing on the output of goods and services and intermediate consumption, Section 3 analyses the
networks of inter-industry flows. Subsequently, after presenting the underlying methodology
(Subsection 3a), the inter-industry networks are induced and the structure of these networks are
analysed (Subsection 3b).
We conclude with a summary and some remarks (Section 4), both about the contribution of the results
of the network analysis to knowledge of the generation of income in a SAM framework, and also
about the potentialities of the SAM as a tool to study the network of linkages of the nominal or
monetary flows of an economy. That tool is presented, on the one hand, as not being an extension of
the IOM and, on the other hand, which numerical versions are the starting point for algebraic versions
or models. This also permits the study of both the inter-industry flows and the inter-institution flows,
although the latter cannot be performed in such a detailed way, due to the lack of data. In fact, the
supply and use tables provide detailed information for the study of inter-industry flows, but there is
no detailed information that can be used for the study of inter-institution flows.
2. The SAM framework
a. Structure and the flows
In a SAM, the rows and the columns are the same and by convention the former represent the inflows,
and the later the outflows. As mentioned above, the SAM presented here is constructed from the
3

National Accounts, and thus it has a structure adapted to the System of National Accounts, and covers
practically all the monetary or nominal flows measured by the National Accounts. Thus, in the SAM
rows, the inflows can be described as incomes, resources, receipts, or changes in liabilities, and also
net worth. Whereas, in the SAM columns, the outflows can be described as expenditures or changes
in assets. Therefore, each SAM cell provides information that can be read in different ways,
depending on the row-column perspective in which we position ourselves. We can thus say that SAM
cells represent transactions and transfers, to which are associated monetary or nominal flows.
By adopting a top-down methodology, Table 1 represents the possible highest level of aggregation,
covering all the grand totals associated with each account. We associate the so called “basic SAM”
to this level of aggregation. These totals are described in the cells of the basic SAM, whose rows and
columns represent its accounts. Details of the contents of this basic structure can be found in Santos
(2018). Numbers between brackets represent the Portuguese reality in 2015, which will be used to
illustrate all the presentation.
The thicker borders of the cells represent “production” and “intermediate consumption”, which mark
the part where we will focus our attention in this study.
A schematic representation of Table 1, without the illustrative numbers, can be seen in Figure 1.
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Table 1. A basic SAM (Social Accounting Matrix) of Portugal in 2015 (in millions of euros).
Outlays

Production

(expenditures)

TOTAL

Activities
(Industries)

Factors of
Production

0

Gross Added Value
(155 958)

0

0

0

0

Activities
(Industries)

0

0

Production
(318 313)

0

0

0

Products

0

Intermediate
Consumption
(161 475)

Gross Capital
Formation
(28 452)

0

Exports
(72 648)

Aggregate
Demand
(412 884)

Current A.

Gross National
Income
(without taxes)
(149 923)

Aggregate
Income
(271 610)

Capital A.

0

(receipts)

Production

Rest of the World

Factors of Prod.

Incomes

Institutions

Institutions
Products

Current A.

Trade and
Final Consumption
Transport Margins

Capital A.

Financial A.

Compensation of
Aggregate
Factors from the
Factors Income
RW
(162 306)
(6 347)
Production
0
Value
(318 313)

(0)

(150 311)

Net taxes on
production
(1 867)

Net taxes on
products
(23 078)

Current Transfers
(90 027)

0

0

Current
Transfers from
the RW
(6 716)

0

0

Gross Saving
(26 858)

Capital Transfers
(2 131)

0

Capital Transfers
from the RW
(2 436)

Investment
Funds
(31 425)

Financial
Transactions
(878)

Financial
Transactions
from the RW
(-7 144)

Total financial
transactions
(-5 699)

0

0

0

0

Net Lending
(567)

Rest of the World
(RW)

Compensation of
Factors to the RW
(12 382)

Net taxes on
production
(-986)

Imports
+ net taxes on
products
(71 601 - 108)

Current Transfers
to the RW
(4 415)

Capital Transfers
to the RW
(276)

Financial
Transactions to the
RW
(-6 577)

TOTAL

Aggregate Factors
Income
(162 306)

Total Costs
(318 313)

Aggregate
Supply
(412 884)

Aggregate Income
(271 610)

Aggregate
Investment
(31 425)

Total financial
transactions
(-5 699)

Financial A.

(RW)

Transactions
Value to the
RW
(81 003)
Transactions
Value from the
RW
(81 003)

Sources: Statistics Portugal (INE); Portuguese Central Bank (Banco de Portugal) [following the Integrated Economic Accounts Table – Appendix A.1].
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Figure 1: Monetary or nominal flows between the accounts of a basic SAM, as presented in Table 1.
DOMESTIC ECONOMY
Compensation of
Factors Services
(Gross Added Value)

Production

Factors of Production

Institutions

Intermediate
Consumption

Gross National Income
(without taxes)

Compensation of
Factors Services

Gross Saving

Current
Transfers Current
Transfers

Production (Output of
goods and services)

Products

net taxes on products

net taxes on
production

Current
Account

Activities (Industries)

Exports

Final
Consumptio

Gross Capital
Formation

Capital
Account

(-) Net lending/
borrowing

Capital
Transfers

Capital
Transfers

REST OF THE WORLD
net taxes on production

trade and transport
margins

Financial
Transactions

Financial
Account
Financial
Transactions

Imports and
net taxes on products

Source: Own construction, following Santos (2009).
From this Figure, where the arrows represent the flows directed towards incomes (receipts), it is easier
to see the network of linkages of the flows recorded by a SAM, either within the (domestic) economy,
or between it and the rest of the world.
With the (domestic) economy represented by production and institutions, an extended “circular flow
of income” can be identified and specified, as follows.
The income is generated in the production process and is quantified through the gross added value.
In this process, the industries, or activities, have a determinant role, which deserves a special attention
in this study, as they buy the so-called intermediate consumptions (the inputs – raw materials, etc.)
and the services of the factors of production (labour, etc.). Industries also have to pay taxes to produce,
yet also receive subsidies for this, which are the only receipts they have, besides those that come from
the sales of the produced products. Therefore, as can be seen in Table 1, for the activities (rowcolumn) account, the total costs balance with the value of production.
6

In turn, the factors of production (owned by the institutions) receive a compensation for the sale of
services to (domestic and foreign) industries. Since these services are supplied by (domestic and
foreign) institutions, outlays can be incurred by the domestic institutions (current account) through
gross national income, as can be seen in Table 1, for the factors of production (row-column) account.
The supply and demand of products, or goods and services, in the (domestic) economy, either
domestically produced or imported, are also represented by the SAM in the products (row-column)
account. On the supply side, there are (domestic) output and the imports of goods and services, to
which are added the (net) taxes on products, and the trade and transport margins. The demand side
has intermediate consumption, final consumption, gross capital formation, and exports.
The part related with the so-called production, was described above, in which was possible to identify
where domestic income (the gross added value) is generated and where national income is firstly
distributed, as well as, the components of supply and demand of goods and services (products).
In the part related with (domestic) institutions, through the current (row-column) account, it is
possible to identify, on the one hand, who receives the above-mentioned national income, the (net)
taxes on production and products, and the current transfers. On the other hand, it is possible to identify
who and how that (current) income is spent on final consumption, current transfers or is saved. It is
here that the national income, through current transfers within and between institutions, is
transformed into disposable income, which is the so-called ‘redistribution of income’.
Investment in non-financial and financial assets, to which the accumulation of income can be
associated, is recorded through capital and financial (row-columns) accounts.
Finally, in the rest of the world (row-column) account, all the flows from and to abroad are recorded,
quantifying the international economic relations of the (domestic) economy.
At this stage, the activities and products (rows-columns) accounts were disaggregated, because the
inter-industry flows we want to study involve the cells of Table 1 for “intermediate consumption”
and “production”. Thus, these cells, were transformed in submatrices, as well as, all the others of the
same (rows-columns) accounts. As described in Table 2, 38 activities and products were identified
and some disaggregation was also made to the factors of production and the institutions.
Ignoring the “Total” row-column, a matrix with 7 rows and columns (in Table 1) was transformed
into another with 90 rows and columns, without losing the consistency of the whole system, as can
be checked by comparing Table 1 with the totals of Table A.4, in the Appendix, considering the
description in Table 2.
From that disaggregated SAM, the (now) submatrices of “production” and “intermediate
consumption” (or output of goods and services) were extracted to Tables 3 and 4, respectively.

7

Table 2. Disaggregation of the basic SAM accounts.
Description
labour
others
Agriculture, forestry and fishing
Mining and quarrying
Manufacture of food products, beverages and tobacco
products
Manufacture of textiles, wearing apparel and leather
products
Manufacture of wood and paper products, and printing
services
Manufacture of coke and refined petroleum products
Manufacture of chemicals and chemical products
Manufacture of basic pharmaceutical products and
pharmaceutical preparations
Manufacture of rubber and plastics products, and other nonmetallic mineral products
Manufacture of basic metals and fabricated metal products,
except machinery and equipment
Manufacture of computer, electronic and optical products
Manufacture of electrical equipment
Manufacture of machinery and equipment n.e.c. (not elsewhere

Factors of Production

Products (goods and services) b) of activity…

Activities (industries)a)

Production

classified)

Manufacture of transport equipment
Manufacture of furniture; other manufacturing; repair and
installation of machinery and equipment
Electricity, gas, steam and air-conditioning supply
Water collection, treatment and supply; sewerage, waste
management and remediation services
Construction
Wholesale and retail trade; repair of motor vehicles and
motorcycles
Transport; warehousing and support activities for
transportation; postal and courier activities
Accommodation; food and beverage service activities
Publishing, audio-visual and broadcasting activities
Telecommunications
Computer programming, consultancy and related activities;
information service activities
Financial and insurance activities
Real estate activities
Legal and accounting activities; activities of head offices;
management consulting activities; architectural and
engineering activities; technical testing and analysis
activities
Scientific research and development

8

A
B

Row/
column
1
2
3
41
4
42

CA

5

43

CB

6

44

CC

7

45

CD
CE

8
9

46
47

CF

10

48

CG

11

49

CH

12

50

CI
CJ

13
14

51
52

CK

15

53

CL

16

54

CM

17

55

D

18

56

E

19

57

F

20

58

G

21

59

H

22

60

I
JA
JB

23
24
25

61
62
63

JC

26

64

K
L

27
28

65
66

MA

29

67

MB

30

68

Row/
column

Description

Capital d)

Current c)

(domestic)
institutions

Advertising and market research; other professional,
scientific and technical activities; veterinary activities
Administrative and support activities
Public administration and defence; compulsory social
security
Education
Human health activities
Social work activities
Arts, entertainment and recreation activities
Other service activities
Activities of households as employers of domestic
personnel; undifferentiated goods-and-services-producing
activities of private households for own use
Activities of extraterritorial organisations and bodies
Households
Non-financial corporations
Financial corporations
General government
Non-profit institutions serving households
Financial
Rest of the world
Source: Own construction.

MC

31

69

N

32

70

O

33

71

P
QA
QB
R
S

34
35
36
37
38

72
73
74
75
76

T

39

77

U

40
79
80
81
82
83

78
84
85
86
87
88
89
90

Notes:
a)

Rows/columns 3-40; letters following descriptions correspond to the codes, for 38 activities
(A38), according with the revision 2 of the Statistical Classification of Economic Activities in
the European Community (NACE).

b)

Rows/columns 41-78; letters following descriptions correspond to the codes according with the
version 2.1 of the Classification of Products by Activity (CPA).

c)

Rows/columns 79-83.

d)

Rows/columns 84-88.

Details on flows description (cells of Table 1 and arrows denomination of Figure 1) can be seen
in Section 2.1 of Santos (2018).
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Table 3. The Production (or output of goods and services) submatrix of the SAM of Portugal in 2015 (in millions of euros).

Source: Statistics Portugal (INE) [from: (transposed) Supply Table – Appendix A.2; SAM – Appendix A.4, parts 3-4].
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Table 4. The Intermediate Consumption submatrix of the SAM of Portugal in 2015 (in millions of euros).

Source: Statistics Portugal (INE) [from: Use Table – Appendix A.3; SAM – Appendix A.4, parts 5-6].
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Diagonals of Tables 3 and 4 represent, respectively, the industries’ output and intermediate
consumption of products of the same (industry). As mentioned in Section 1, in this study, the interindustry relations are defined, respectively, by the production and uses of common products, which
means that our network analysis is out of diagonals, although they are used in the calculations of the
strength of the links. Table 5 shows, for each industry, the relative importance of diagonals, in other
words, of production and intermediate consumption of products of the same activity, as well as, of
production and intermediate consumption of products of other industries. The last amounts, that is to
say, the products of other industries, represent, on average, 6.5% of the output (production), and
67.1% of the intermediate consumption of Portuguese industries in 2015. In the latter (intermediate
consumption), it would be interesting to identify, as IOMs do, what is domestically-produced and
what is imported, however we do not have information for that - we only know that 28.3% of the total
intermediate consumption of Portugal in 2013 was imported (Santos, 2018).

12

Table 5. Relative importance of products of the same and of other activities in the production (or
output of goods and services) and intermediate consumption of industries in Portugal in
2015 (in percentage).

Sources: Own calculations, from Tables 3 and 4.
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b. Macroeconomic aggregates, the generated income and the corresponding distribution
As practically all the flows observed and measured by the National Accounts are included in the
above-presented SAM, it is possible to calculate and/or extract from it the main macroeconomic
aggregates that are usually considered.
The following description is based on Table 1, with the numbers between brackets representing the
Portuguese reality in 2015, and can be checked in the Integrated Economic Accounts Table, of the
National Accounts, in Appendix A.1.
Gross Domestic Product (GDP) can be calculated using the three known approaches: the production
approach, where intermediate consumption (161 475) is subtracted from production, or from the
output of goods and services (318 313), adding the net taxes on products (23 078 - 108); the
expenditure approach, whereby final consumption (150 311), gross capital formation (28 452), and
net exports (72 648 – 71 601) are added; and the income approach, where net taxes on production and
imports (23 078 - 108 + 1 867 -986) are added to the gross added value (155 958). The Portuguese
GDP in 2015 was 179 809 million Euros.
GDP is the income generated in the domestic economy by residents and non-residents, added to the
total net taxes on production and imports, to be valued at market prices.
Special attention is given in this paper to this income, before adding the above-mentioned taxes. In
the production approach, Section 3 presents a network analysis of output of goods and services and
intermediate consumption. In turn, it is the income approach that underlies possible studies of the
functional distribution of the same (generated) income – Table 6 illustrates the type of information
that is provided and that can be used, for the level of disaggregation adopted for this study.
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Table 6. Functional distribution of generated income in Portugal in 2015.

Source: Statistics Portugal (INE) [from: Appendix A.4 – parts 1 and 2].
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Gross Domestic Product can be converted into Gross National Product or Income (GNI), by adding
the compensation of factors of production (labour and capital) received from the rest of the world (6
347), and by deducting the compensation of factors of production and net taxes on production and
imports sent to the rest of the world (12 382 – 986 - 108). Gross National Income can also be
calculated directly from the SAM by adding the compensation of factors received by domestic
institutions to the net taxes on production and on products received by domestic institutions (149 923
+ 1 867 + 23 078). The corresponding amount for Portugal in 2015 was 174 868 million Euros.
GNI is the income generated in the domestic economy and in the rest of the world by residents, added
to the part received by the general government in the form of net taxes on production and imports, to
be valued at market prices.
Special attention is paid to this income, before adding the mentioned taxes, which allows possible
studies of the institutional distribution of the same (generated) income – Table 7 illustrates the type
of information that is provided and that can be used, for the level of disaggregation adopted for this
study.
Table 7. Institutional distribution of generated income in Portugal in 2015.

Source: Statistics Portugal (INE) [from: Appendix A.4 – parts 5].
Disposable Income (DI) can be calculated by adding the net current transfers received by domestic
institutions (6 716 – 4 415) to Gross National Income. In our application for Portugal, this was 177
168 million Euros.
The following macroeconomic aggregates are usually presented with the above: Gross Saving (S) and
Net Lending (NL), or Net Borrowing (NB), which are items that are provided directly by the SAM.
In the case of Portugal in 2015, there were 26 858 and 567 million Euros, respectively. As confirmed
by its position in the SAM structure, these figures integrate the investment funds, either in nonfinancial or in financial assets, which we call ‘accumulated income’.
16

3. The networks of inter-industry flows within production and intermediate consumption SAM
submatrices
a. Methodology
In the induction of any network, there are many different design decisions to be taken. The choice of
a given set of nodes and the definition of the links between them is only one out of several other ways
to look at a given system. In this study, we define bipartite networks, where similarities between
industries are used to set the existence of every link in each network. In turn, the weighted or bipartite
graphs show that the weight of each link is proportional to the intensity of the similarity between the
linked pair of industries, relative to the overall output or intermediate consumption values of each
involved industry.
Because these bipartite networks have a large number of links, we compute their corresponding
Minimal Spanning Trees (MST). In fact, when networks are induced from similarity measures, the
issue of deriving a sparse network from a dense or even a complete one becomes meaningful. The
less-arbitrary choices (or the most endogenously-based ones) usually relies on the construction of a
MST. In so doing, we ensure that the connectivity is preserved (the resulting network is necessarily
connected), while moving from a dense network to a sparse one. Furthermore, we are able to
emphasise the main topological patterns that emerge from the network representations.
Thus, using the methodological details described below, two network representations are created, one
in which the inter-industry relations are defined by the output of common products (or goods and
services), and the other in which these relations are defined by the use, or intermediate consumption,
of common products.
In our application to Portugal, which is introduced in Section 2, the networks have 36 nodes,
instead 38, because industries T and U were excluded, as U has no data, and the T produces only
one product, therefore remaining therefore without any inter-industry relationship4.
a.1. Bipartite networks of industries
A bipartite network N consists of two partitions of nodes I (industries or activities) and P (products
or goods and services), such that edges connect nodes from different partitions, but never those in the
same partition. A projection of such a bipartite network onto I is a network consisting of the nodes in

4

As can be seen in Tables 3 and 4, activity 40 (U) - product 78 has no output or intermediate consumption, and activity
39 (T) – product 77, only has output of the same activity, that is to say, it is not related to any other.
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I, such that two nodes i and i' are connected, if and only if there exist a node p ∈ P, such that (i,p)
and (i’,p) are edges in the corresponding bipartite network (N).
As mentioned above, in our application, the two partitions of nodes I and P are the set of industries
and the set of products, respectively, both at the resolution of 36 elements: I = {I1, I2 , . . . , I36};
P {P1, P2 , . . . , P36 } .
The links between any two industries (i, i′) in the network N are defined by the existence of products
(p ∈ P) such that (i, p) ∈ N and (i′, p) ∈ N. Thus, we have bipartite networks and their corresponding
projections N(i, p), where i ∈ I and p ∈ P, as described below.
Given that each industry can produce or use many products and that each product can be produced
or used by several industries, from the SAM submatrices of output (Table 3) and of intermediate
consumption (Table 4), or supply and use tables (Tables A.2 and A.3), the values v(i,p) relating
industries to products are taken and the proximity networks N are then induced.
Thus, the values v(i,p) of the product p produced or used by industry i are normalised (V) by
industry, summing up the output or intermediate consumption values of all the product that industry
i produces or uses:
Vip =

v i,p
.103
∑
𝑣 𝑖, 𝑝

The higher the value of the mutual production or intermediate consumption of two industries (nodes
i and i’), the greater is the strength or weight of the connection or link n(i,i’) between industries i
and i’, which is defined by:
36
'

n i,i =

Vip .Vi'p
p=1

where the Vip and Vi’p are the normalised values of the outputs or intermediate consumptions of
industries i and i’ for the product p, respectively.
These networks are represented in graphs for our application, as shown in Figures 2 and 4.
Because the structure shaping these networks of industries is difficult to identify, the MST is also
constructed.
a.2. Minimum Spanning Trees (MST)
When networks are induced from similarity measures, in obtaining a sparse representation from a
dense one, the less arbitrary choices rely on filtering the complete network with the threshold distance
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value used in the last step of the hierarchical clustering process of the construction of a MST. In so
doing, we ensure that the connectivity is preserved, as the resulting network is necessarily connected.
A MST of a connected and weighted graph can be constructed by taking its nodes and links and
applying the nearest neighbour method. The first step in this direction is the computation of the
distances d(i,i’) between each pair of nodes i and i' as the inverse of the weight of the link n(i,i’)
between them:
1

d 𝑖, 𝑖

n i,i’

From the distance matrix D (of d(i,i’)) a hierarchical clustering is then performed. Initially 36
clusters corresponding to the 36 industries are considered. Then, at each step, two clusters ci and
ci’ are clumped into a single cluster if d{ci, ci’} = min{d{ci, ci’}} with the distance between
clusters being defined by d{ci, ci’} = min{dz,q} with z ∈ ci and q ∈ ci’. This process is continued
until there is a single cluster. In a connected graph with n nodes, the MST is a tree of n − 1 edges
which minimizes the sum of the edge distances. In a network with 36 nodes, as that of our
application, the hierarchical clustering process takes 35 steps to be completed, and uses, at each
step, a particular distance d(i,i’) ∈ D to clump two clusters into a single one.
Let C = {dq}, q = 1, . . . , m, the set of distances being d(i,i’) ∈ D used at each step of the clustering
and the threshold distance. After the last step, we are able to define a representation of D with
sparseness replacing high-connectivity in a suitable way.
This is graphically represented in the MST for our application, as shown in Figures 3 and 5.
This methodological description follows Araujo and Faustino (2017).
b. Results
This Subsection shows the results of the application of the methodology described previously in the
data of the SAM for Portugal in 2015, as presented in Section 2.
Because the purpose is to obtain a better knowledge of the generation of income, that is to say, the
gross added value, the following network analysis is focused, on the one hand, on the output of
industries and, on the other hand, on the corresponding intermediate consumption, the inter-industry
relations being defined, respectively, by the output and use of common products, as already
mentioned above.
Our study starts with the bipartite networks of industries in which the strength of the connection
between industries is proportional to a weighted value of the mutual production or intermediate
consumption of involved nodes - Figures 2 and 4. As can be observed in these figures, and was
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mentioned above, these networks are not very informative about any structure shaping these
networks of industries. Thus, by filtering the complete network, Minimum Spanning Trees (MST)
are added to complement the analysis – Figures 3 and 5.
In both representations (network and MST) the size of the nodes is proportional to their generated
income, or gross added value, as shown in Table 6.
In the following analysis, from the reading of these representations, evidences are systematised in the
form of items. Each of these items is subtitled by the meaning of the nodes, according to the
descriptions in Table 2, the relative importance of products of other activities, as shown in Table 5,
and also, between brackets, the corresponding position in the structure of the total gross added value,
that is to say, the corresponding contribution to the total generated income (or gross domestic
income), as shown in Table 6.
b.1. Output of goods and services
Figure 2 shows the network of industries N2015O induced from the production, or output of goods and
services, submatrix of the SAM of Portugal in 2015, as shown by Table 3.
Figure 2. The network of industries N2015O.

Source: Own calculations and construction, from Table 3.
Considering that the higher the value of mutual production, the greater is the strength or weight of
the connection or link represented in Figure 2, the following aspects can be identified as evidence of
inter-industry relations defined by the output of common products. Numbers between brackets after
the description of nodes are: the relative importance of production of products of other activities in
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the total production of each industry (or output of goods and services), as shown in Table 5, and; the
contribution of each industry to the total generated income, as shown in Table 6:
 The strongest link connects CI and CJ.
CI: manufacture of computer, electronic and optical products (25.1%; 0.3%).
CJ: manufacture of electrical equipment (12.8%; 0.4%).
 A relatively strong link involves the pair of nodes (MB, P).
MB: scientific research and development (4.5%; 0.4%).
P: education (8.4%; 6.2%).
 Other (relatively) strong connection involves the pair of nodes (G, MC).
G: wholesale and retail trade, repair of motor vehicles and motorcycles (15.5%; 14.3%).
MC: advertising and market research, other professional, scientific and technical activities and
veterinary activities (7.5%; 0.6%).
 The more evident links are those involving industries with production of products of other
industries, almost always, above the average (6.5%).
 There is no relation between the strength of the connection generated by the output of common
products by industries and relative importance of income generated by them.
Figure 3. The Minimum Spanning Tree of N2015O.
1

3

2

5
4
Source: Own calculations, from Table 3.

21

Figure 3 organises clusters according to inter-industry distances (the inverses of the strength or
weight of the connections or links) regarding the corresponding production (or output) of common
products. The following aspects are evidenced. Numbers between brackets have the same meaning
as the previous ones.
 Five partition clusters are defined:
1. (

) Involving seven nodes or industries.

CH: manufacture of basic metals and fabricated metal products, except machinery and
equipment (8.4%; 1.5%).
CI: manufacture of computer, electronic and optical products (25.1%; 0.3%).
CJ: manufacture of electrical equipment (12.8%; 0.4%).
CK: manufacture of machinery and equipment n.e.c. (not elsewhere classified) (14%; 0.5%).
CL: manufacture of transport equipment (8.7%; 0.9%).
CM: manufacture of furniture; other manufacturing; repair and installation of machinery and
equipment (11.2%; 1.1%).
JB: telecommunications (5.47%; 1.5%).
2.

(

) The largest, involving eleven industries.

A: agriculture, forestry and fishing (7.1%; 2.7%).
CA: manufacture of food products, beverages and tobacco products (2.9%; 2.4%)
CB: manufacture of textiles, wearing apparel and leather products (3.4%; 2.6%)
CD: manufacture of coke and refined petroleum products (5.3%; 0.4%)
CE: manufacture of chemicals and chemical products (4.8%; 0.6%)
CG: manufacture of rubber and plastics products, and other non-metallic mineral products
(6.2%; 1.6%)
G: wholesale and retail trade; repair of motor vehicles and motorcycles (15.5%; 14.3%)
H: transport; warehousing and support activities for transportation; postal and courier
activities (4.3%; 4.8%)
I: accommodation; food and beverage service activities (2.4%; 5.5%)
JC: computer programming, consultancy and related activities; information service activities
(5.1%; 1.2%)
S: other service activities (3.7%; 1.5%)
3. (

) With seven industries.

B: mining and quarrying (6%; 0.3%).
CC: manufacture of wood and paper products, and printing services (7%; 1.4%).
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D: electricity, gas, steam and air-conditioning supply (3.1%; 2.9%)
E: water collection, treatment and supply; sewerage, waste management and remediation
services (5.9%; 1.2%).
F: construction (2.3%; 4.1%).
K: financial and insurance activities (6.3%; 5.0%).
L: real estate activities (2.2%; 11.7%).
QB: social work activities (2.7%; 1.7%).
4. (

) Involving seven industries.
CF: manufacture of basic pharmaceutical products and pharmaceutical preparations (18.2%;
0.3%).
MA: legal and accounting activities; activities of head offices; management consulting
activities; architectural and engineering activities; technical testing and analysis activities
(4.2%; 2.6%).
MB: scientific research and development (4.5%; 0.4%).
N: administrative and support activities (1.8%; 3.4%).
O: public administration and defence; compulsory social security (12.5%; 7.7%).
P: education (8.4%; 6.2%).
QA: human health activities (1.6%; 4.5%).

5.

(

) The smallest, involving three industries.

JA: publishing, audio-visual and broadcasting activities (7.2%; 0.6%).
MC: advertising and market research; other professional, scientific and technical activities;
veterinary activities (7.5%; 0.6%).
R: arts, entertainment and recreation activities (6.4%; 0.8%).
 This clusters are in line with the results presented in Araújo and Faustino (2017). In Cluster 2, G
(wholesale and retail trade; repair of motor vehicles and motorcycles) being the industry with
the highest degree of centrality, the above MST shows that this industry holds the shortest
distances (strongest links) to that large number of industries (10). Cluster 1 represents the opposite
situation, where most of the nodes, or industries, have a very low degree, showing that they are
the ones with the weaker links in the production networks of industries.
 Some similarity can be identified within clusters regarding the relative importance of industries’
production of products of other industries.
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 No relation can be identified between the strength of the connection generated by the output of
common products by industries and the corresponding contribution to the total generated income.

b.2. Intermediate Consumption
Figure 3 shows the network of industries N2015IC induced from the intermediate consumption
submatrix of the SAM of Portugal in 2015, as shown by Table 4.
Figure 4. The network of industries N2015 IC.

Source: Own calculations, from Table 4.
Considering that the higher the value of mutual intermediate consumption, the greater is the strength
or weight of the connection or link represented in Figure 4, the following aspects can be identified as
evidences on inter-industry relations defined by the use of common products. Numbers between
brackets after the description of nodes are: the relative importance of intermediate consumption of
products of other activities in the total intermediate consumption of each industry, as shown in Table
5, and; the contribution of each industry to the total generated income, as shown in Table 6:
 One of the strongest links connects K and L.
K: financial and insurance activities (44.3%; 5%)
L: real state activities (91.9%; 11.7%)
 Another prominent link connects CK, CH and CJ.
CK: manufacture of machinery and equipment n.e.c. (not elsewhere classified) (73%, 0.5%)
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CH: manufacture of basic metals and fabricated metal products, except machinery and equipment
(41.3%; 1.5%)
CJ: Manufacture of electrical equipment (80.2%, 0.4%)
 Of mentioning the link that connects G and MA.
G: wholesale and retail trade; repair of motor vehicles and motorcycles (93.6%, 14.3%)
MA: legal and accounting activities; activities of head offices; management consulting activities;
architectural and engineering activities; technical testing and analysis activities (62.5%, 2.6%)
 The more evident links are those involving industries with intermediate consumption of products
of other industries, almost always, above the average (67.13%).
 No relation can be identified between the strength of the connection generated by the use of
common products by industries and the corresponding contribution to the total generated income.
Figure 5. The Minimum Spanning Tree of N2015IC.
A

C
B

D

E

Source: Own calculations, from Table 4.
Figure 5 organises clusters according with inter-industries distance (the inverses of the strength or
weight of the connection or link) regarding the corresponding intermediate consumption of common
products. The following aspects are evidenced. Numbers between brackets have the same meaning
as the previous ones.
 Five partition clusters are defined.
A. (

) The largest, involving ten nodes or industries, with G maintaining the highest

centrality.
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G: wholesale and retail trade; repair of motor vehicles and motorcycles (93.6%, 14.3%)
H: transport; warehousing and support activities for transportation; postal and courier
activities (60.6%, 4.8%).
JA: publishing, audio-visual and broadcasting activities (68.9%, 0.6%).
JB: telecommunications (71%, 1.6%).
MB: scientific research and development (78.3%, 0.4%).
MC: advertising and market research; other professional, scientific and technical activities;
veterinary activities (83.3%, 0.6%).
N: administrative and support activities (57.7%, 3.4%).
O: public administration and defence; compulsory social security (99.5%, 7.7%).
P: education (93%, 6.2%).
R: arts, entertainment and recreation activities (85.7%, 0.8%).
B. (

) with six nodes or industries.

F: construction (64%, 4.1%).
JC: computer programming, consultancy and related activities; information service activities
(68.1%, 1.2%).
K: financial and insurance activities (44.3%, 5%).
L: real estate activities (91.9%, 11.7%).
MA: legal and accounting activities; activities of head offices; management consulting
activities; architectural and engineering activities; technical testing and analysis activities
(62.5%, 2.6%).
S: other service activities (95%, 1.5%).
C. (

) with eight nodes or industries.

CB: manufacture of textiles, wearing apparel and leather products (34%, 2.6%).
CH: manufacture of basic metals and fabricated metal products, except machinery and
equipment (41.3%, 1.5%).
CI: manufacture of computer, electronic and optical products (61.5%, 0.3%).
CJ: manufacture of electrical equipment (80.2%, 0.4%).
CK: manufacture of machinery and equipment n.e.c. (not elsewhere classified) (73%, 0.5%)
CL: manufacture of transport equipment (43%, 0.9%).
CM: manufacture of furniture; other manufacturing; repair and installation of machinery and
equipment (86.5%, 1.1%).
E: water collection, treatment and supply; sewerage, waste management and remediation
services (41%, 1.2%).
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D. (

) with five nodes or industries.

A: agriculture, forestry and fishing (76.5%, 2.7%).
CA: manufacture of food products, beverages and tobacco products (71.7%, 2.4%).
CC: manufacture of wood and paper products, and printing services (52.6%, 1.4%).
I: accommodation; food and beverage service activities (95.4%, 5.5%).
QB: social work activities (99.2%, 1.7%).
E. (

) with seven nodes or industries.

B: mining and quarrying (68.7%, 0.3%)
CD: manufacture of coke and refined petroleum products (89.1%, 0.4%)
CE: manufacture of chemicals and chemical products (45.5%, 0.6%)
CF: manufacture of basic pharmaceutical products and pharmaceutical preparations (73.4%,
0.3%)
CG: manufacture of rubber and plastics products, and other non-metallic mineral products
(81%, 1.6%)
D: electricity, gas, steam and air-conditioning supply (27.6%, 2.9%).
QA: human health activities (86.9%, 4.5%).
 No similarity can be identified within clusters regarding the relative importance of industries’ use
of products of other industries.
 No relation can be identified between the strength of the connection generated by the use of
common products by industries and the corresponding contribution to the total generated income.
b.3. Output of goods and services, intermediate consumption and gross added value
Above we saw that the strength of the inter-industry relations in production (or output of goods and
services) and in intermediate consumption is defined by the production and use of common products
and that they are independent of the position of industries in the generation of income structure.
In turn, from the previous description and with the aid of Tables 8 and 9, the clusters of industries,
organised through MST showed independence of the identified inter-industry relationships in
production and intermediate consumption, with regard to the corresponding positions in the structures
of production, intermediate consumption, and gross added value or generated income.
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Table 8. Network of inter-industry flows. Results with industries organised by clusters in output of
goods and services.

Sources: Own calculations, from Tables 3, 4, 6; Figures 3, 5.
(1) Percentage of the output of goods and services of each industry in the total.
(2) Percentage of the intermediate consumption of each industry in the total.
(3) Percentage of the gross added value of each industry in the total.
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Table 9. Network of inter-industry flows. Results with industries organised by clusters in intermediate
consumption.

Sources: Tables 3, 4, 6; Figures 3, 5.
(1) Percentage of the output of goods and services of each industry in the total.
(2) Percentage of the intermediate consumption of each industry in the total.
(3) Percentage of the gross added value of each industry in the total.
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Therefore, the above described network analysis does not identify any type of interdependence and
causal relationships of the inter-industry flows with the structures of production, intermediate
consumption, and generation of income.
4. Summary and concluding remarks
A SAM, constructed from the National Accounts, is presented, with the aid of an application to
Portugal in 2015.
Starting by disagreeing with the understanding that the SAM is an extension of the IOM, the
parallelism between approaches based on both matrices is then established, as well as the agreement
that both the SAM and the IOM numerical versions are the starting points for algebraic versions or
models.
With an equal number of rows and columns representing accounts, the SAM registers the inflows
(incomes, resources, receipts, or changes in liabilities) in rows, and the outflows (expenditures or
changes in assets) in columns, adding to each of them the same amount.
At its highest level of aggregation, ours is a (7x7) matrix which covers practically all the grand totals
of the National Accounts, from which it is possible to extract the main macroeconomic aggregates
and balances, namely: the GDP (Gross Domestic Product), based on the three known approaches, the
GNI (Gross National Income), the DI (Disposable Income), etc.
Without losing its initial consistency, that matrix is then transformed into a (90x90) matrix, with the
purpose of studying the network of inter-industry flows in production (or output of goods and
services) and intermediate consumption, in order to identify some type of causality and better
understand the generation of income.
Accordingly, the generated income being the difference between the output of goods and services (or
products) and the intermediate consumption, special focus is given to the corresponding SAM
(38x38) submatrices. In these submatrices, which are taken from the supply and use tables,
respectively, we obtain, on one hand, the output of each industry, distributed by the products that this
industry produces, and, on the other hand, the intermediate consumption of each industry, distributed
by the products that this industry uses. This way of representing intermediate consumption justifies
the above-mentioned disagreement with the understanding that the SAM is an extension of the IOM.
In fact, the representation of the latter is either of industries by industries, or of products by products,
separating (in both cases) what is domestically produced from what is imported, whereas in the SAM
shows industries by products, without any separation. Thus, both provide very important information,
although they cover different aspects.
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Pyatt (1999), who also disagrees with the understanding that the SAM is an extension of the IOM,
identifies the inter-industry relations and the underlying intermediated consumption as being
conditioners of the structure of production and the essence of the IOM. In turn, he identifies the interinstitutions relations and the underlying un-requited transfers (social security, direct taxation, etc.),
as being conditioners of the structure of the distribution of income, and the essence of the SAM.
On the other hand, in a study of the structural features of the socio-economic activity of a country
based on a SAM, Santos (2018) identified a direct interconnection between the functional and
institutional distribution of the generated income. The functional distribution of the generated income
is the distribution of the gross added value, or gross domestic product, (the difference between
production and intermediate consumption) of industries by factors of production. The institutional
distribution of the generated income is the distribution of the gross national product of institutions by
factors of factors of production. An important role was then attributed to the SAM factors of
production account, to establish the linkage between these two types of distribution of the generated
income.

Accordingly, any advance in knowledge of the latter, especially with regards to

interdependence and causal relationships, will certainly contribute to a better knowledge of income
redistribution, where the potential of the SAM institutions accounts is well-researched – see, for
instance, Santos (2013).
This paper uses the network analysis to identify evidence, on one hand, of the structures of interindustry relations in production and in intermediate consumption and, on the other hand, of the
connection between these relations and the structures of production, intermediate consumption, and
gross added value, or generated income, of industries. This analysis is focused on the production and
use of common products, by industries.
No type of interdependence and causal relationships of the inter-industry flows was found, which can
be understood as confirming Graham Pyatt’s statement, with which we introduced this paper.
According to that statement, “the essential detail” o f a S A M “ is to be found in the matrix
of transactions and transfers between different types of institutions”, whereas the essence of a
IOM is that “industries are related, one to other, through transactions between them, i.e. through the
buying and selling of raw materials, and that the structure of production is conditioned by these
linkage” (Pyatt, 1999, p.366). Therefore, the study of the relationship between the generation of
income and the corresponding distribution and redistribution should involve both the SAM and IOM,
although inter-institutions flows in the SAM cannot be performed in such a detailed way as interindustry flows in a IOM, due to the lack of data.
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Appendices
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A.1. Integrated Economic Accounts Table of Portugal in 2015 (in millions of euros).

Sources: Statistics Portugal (INE); Portuguese Central Bank (Banco de Portugal).
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A.1. (continued) Integrated Economic Accounts Table of Portugal in 2015 (in millions of euros).
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A.2. Supply Table of Portugal in 2015 (in millions of euros).

Source: Statistics Portugal (INE).
Notes: This table was constructed from the Supply and Use Table and the Production Matrix disclosed by INE.
The meaning of activities and products can be seen in Table 2.
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A.2. (continued) Supply Table of Portugal in 2015 (in millions of euros).
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A.3. Use Table of Portugal in 2015 (in of millions of euros).

Source: Statistics Portugal (INE).
Note: This table was constructed from the Supply and Use Table disclosed by INE.
The meaning of activities and products can be seen in Table 2.
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A.3. (continued) Use Table of Portugal in 2015 (in millions of euros).
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A.3. (continued) Use Table of Portugal in 2015 (in millions of euros).
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A.4. A SAM of Portugal in 2015 (in millions of euros) [part 1 of 8].

Sources: Statistics Portugal (INE); Portuguese Central Bank (Banco de Portugal).
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A.4. (continued) A SAM of Portugal in 2015 (in millions of euros) [part 2 of 8].
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A.4. (continued) A SAM of Portugal in 2015 (in millions of euros) [part 3 of 8].
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A.4. (continued) A SAM of Portugal in 2015 (in millions of euros) [part 4 of 8].

45

A.4. (continued) A SAM of Portugal in 2015 (in millions of euros) [part 5 of 8].
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A.4. (continued) A SAM of Portugal in 2015 (in millions of euros) [part 6 of 8].
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A.4. (continued) A SAM of Portugal in 2015 (in millions of euros) [part 7 of 8].
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A.4. (continued) A SAM of Portugal in 2015 (in millions of euros) [part 8 of 8].
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