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Abstract 

The supply and use tables (SUT) form a central part of the system of national accounts. Their main use is as an integration framework for balancing. The intermediate part of the SUT is in principle rectangular: the numbers of products and industries distinguished do not have to be equal. In practice, often many more products than industries are distinguished.

The intermediate part of a symmetric input-output table (SIOT) is square: the number of rows is equal to the number of columns. The dimension can be either product-by-product or industry-by-industry. The fact that SIOTs are square is important for input-output analysis. There are many ways of using SIOTs in analysis; well-known examples are productivity analysis, energy analysis and environmental analysis. For any type of analysis in which product relations or interindustry relations play a role, SIOTs can be a very useful tool.

A product-by-product table describes the technological relations between products. The intermediate part describes for each product the amounts of products that were used to produce it, irrespective of the producing industry. An industry-by-industry table describes interindustry relations. The intermediate part describes for each industry the use of products of the (other) industries.

Product-by-product tables are generally more homogeneous in their description of the transactions than industry-by-industry tables, since a single element of the latter can refer to various products (in the case of secondary production). This makes product-by-product tables generally better suited for most types of input-output analysis. This is the main reason for ESA95 to prefer product-by-product tables. This paper will therefore focus mostly on how to compile this type of table, but will also provide some basic discussion of the compilation of industry-by-industry tables.

__________________________________________________________________________________________

1. INTRODUCTION

1.1. Product-by-product versus industry-by-industry tables 

Table 1( which is table 9.12 of ESA95) shows a SIOT of dimension product-by-product. The valuation chosen for the SIOT is basic prices. 

The top-left quadrant of the table shows the intermediate consumption of products as used in the production process of each product. The top-right quadrant shows the same information as the final demand part of the use table at basic prices. These rows show the use of both domestically produced and imported products.

Valuation at basic prices means that the use of trade and transport margins are shown explicitly on a product row for margins, rather than implicitly in the purchase of products. The amounts of taxes and subsidies paid on products are shown separately on row (3) of table 1, both for intermediate and for final demand.

On row (5), the components of value added are distributed over the production processes of the products in which the value added is generated.

The sum for each column at this stage is equal to output at basic prices for each product. By adding the imports of each product (row (8), which is equal to the column for imports in the supply table), total supply for each product is obtained. Then, the total for each column of the SIOT will be equal to the total of the corresponding row.

Note that row (8) for imports has nothing to do with the inputs used in the production processes of the products described in the columns. It is merely added to make the row and column totals for each product balance. An alternative registration would be to include the imports as a negative column among final uses. The row and column totals would then amount to the domestic output of each product.

Table 1: Symmetric input-output table at basic prices (product by product)

prices: current and constant

	
	
	
	Products (CPA)                                                 1 2 3 4 . . . . . . . . . . . . . . . . . . . 60
	Total (1)
	Final uses        a) b) c) d) e) f) g)
	Total (3)
	Total (1) + total (3)
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	(5)
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	Total (1)
	 
	(2)
	Total intermediate consumption at basic prices by product
	
	Final use at basic prices by type
	
	Total use at basic prices

	Taxes less subsidies on products
	(3)
	Net taxes on products by product
	
	Net taxes on products by type of final use
	
	Total net taxes on products
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	(6)
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	Total (1) + (3) + Total (5)
	 
	(7)
	Output at basic prices by product
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	(8)
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	(7) + (8)
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Source: ESA 1995 (Table 9.12)

Statistical units underlying SIOTs and SUT 

The SUT are based on the use of the local KAU as unit of observation. The local KAU is designed to partition institutional units into smaller and more homogeneous units with regard to the kind of production. It is intended to be a “first but practice-oriented operational approach ». If an institutional unit consists of a principal activity and also one or several secondary activities, it should be subdivided into the same number of KAUs. However, "KAUs falling within a particular heading of the classification system can produce products outside the homogeneous group on account of secondary activities connected with them which cannot be separately identified from available accounting documents. Thus a KAU may carry out one or more secondary activities." 

This quote from the ESA make clear that even if local KAUs are designed to describe production processes as homogeneous as possible, in practice it is impossible to observe the data necessary to describe each process separately. If observation were perfect, the local KAU would be a perfectly homogeneous unit without secondary production, apart from possible by- and joint products (see below for definitions). 

The main purpose of product-by-product SIOTs is to describe technological relations in an economy in a way that it can be used for input-output analysis. For input-output analysis, tables are required that describe production processes as homogeneously as possible. The product-by product tables are therefore based on the so-called unit of homogeneous production (UHP). This a more analytical unit (i.e. it does not exist in reality) where the secondary production (apart from possibly by- or joint production) is defined away. An industry-by-industry table should use the local KAU as basic unit. 

Although ESA95 requires the use of the local KAU for the SUT, in practice in many countries only data from enterprises (institutional units in ESA95 speak) is available (for example France). This will mean that the amount of secondary production in the SUT will be higher than would be the case when the more homogeneous local KAU could have been distinguished. It also impacts on the recording of the intra-enterprise flows: where in principle flows between local KAUs belonging to the same enterprise should be recorded in the SUT, if only enterprise data are available these flows remain unobserved.

The more secondary production in the SUT, the bigger the difference becomes between product-by-product tables and industry-by-industry tables. The latter will become more heterogeneous. In the same way, in countries where observation is very close to the local KAU level, there will not be much secondary output and hence the distinction between products and industries fades away.

The use of different statistical units in different countries will impact on the international comparability of the SUT and of the SIOTs. Similar production processes will be described in different ways. That is true for product-by-product tables and for industry-by-industry tables. It seems however that product-by-product tables will nevertheless be more useful for international comparisons than industry-by-industry tables, due to the larger homogeneity. On a row of a product-by-product table only the products corresponding to that row are contained, whatever basic statistical unit was used. The rows of an industry-by-industry table may contain a variety of products, very much depending on whether a local KAU or institutional unit was observed.

1.2. Types of secondary production

In this paper we will distinguish between three types of secondary production:

- subsidiary products: those secondary products that are technologically unrelated to the primary product;

- by-products: products that are produced simultaneously with another product, but which can be regarded as secondary to that product (e.g. gas by blast furnaces);

- joint products: products that are produced simultaneously with another product, but which cannot be said to be secondary (e.g. wool and mutton).

2. Derivation of SIOTs: theoretical framework

We’ll use the following example throughout this paper :

	 
	USE TABLE
	SUPPLY TABLE

	 
	agriculture
	manufacturing
	final demand
	total
	agriculture
	manufacturing
	total

	agriculture
	0
	160
	100
	260
	260
	0
	260

	manufacturing
	120
	60
	260
	440
	40
	400
	440

	wages and salaries
	120
	40
	-
	160
	-
	-
	 

	operating surplus
	60
	140
	-
	200
	-
	-
	 

	total
	300
	400
	360
	 
	300
	400
	 


Agriculture produces 40 units of secondary output of products that are primary to the manufacturing industry.

2.1. Product-by-product tables

2.1.1. Product technology assumption

The most frequently discussed method for deriving product-by-product tables is the method based on the product technology assumption:

Each product is produced in its own specific way, irrespective of the industry where it is produced.

Thus, it is assumed that only one technique exists for producing each product. In other words, each product has its own typical input structure (the proportions of products and factor inputs used to produce one unit of the product). 

The product technology assumption seems to be the most applicable to cases of subsidiary production, since in those cases the technology of primary and secondary product are independent. However, the product technology assumption does not exclude cases where two or more products are produced in the same process (i.e. joint production). 

When calculating the product-by-product table using the product technology assumption, the secondary products are transferred from the industries where they are produced to the industries of which they are the primary product. In this process, the columns are transformed from referring to industries to referring to products. The input structure of the primary producer is the starting point for deriving the input structure of the product. 

The transformation can be explained by means of transformation matrices, that are added to the original tables. In the above example, the transformation matrices on the basis of the product technology assumption would be:

	 
	USE TABLE
	SUPPLY TABLE

	 
	agriculture
	manufacturing
	final demand
	total
	agriculture
	manufacturing
	total

	agriculture
	-16
	16
	0
	0
	0
	0
	0

	manufacturing
	-6
	6
	0
	0
	-40
	40
	0

	wages and salaries
	-4
	4
	-
	0
	-
	-
	 

	operating surplus
	-14
	14
	-
	0
	-
	-
	 

	total
	-40
	40
	0
	 
	-40
	40
	 


In the supply table, the 40 units of secondary output are transferred from the agriculture column to the manufacturing column. The inputs corresponding to the transferred secondary output are determined by the input structure of the manufacturing industry, since this is the primary producer of manufacturing products and the manufacturing industry does not have any secondary production. Hence, (160/400)*40 = 16 units of agricultural products, (60/400)*40 = 6 units of manufacturing products, (40/400)*40 = 4 units of wages and salaries and (140/400)*40 = 14 units of operating surplus are transferred.

When the transformation tables are added to the original tables, we obtain:

	 
	USE TABLE
	SUPPLY TABLE

	 
	agriculture
	manufacturing
	final demand
	total
	agriculture
	manufacturing
	total

	agriculture
	-16
	176
	100
	260
	260
	0
	260

	manufacturing
	114
	66
	260
	440
	0
	440
	440

	wages and salaries
	116
	44
	-
	160
	-
	-
	0

	operating surplus
	46
	154
	-
	200
	-
	-
	0

	total
	260
	440
	360
	 
	260
	440
	 


Notice that the supply table has become diagonal, and that the column sums of supply and use tables are now both equal to total output per product. The columns now describe input structures of products. Hence, the transformed use tables is the sought-for product-by-product input-output table. Final demand is not affected since this is already formulated in terms of products. 

The example immediately shows the main drawback of the product technology model: it may give rise to negative elements. 

2.1.2. Industry technology assumption

The industry technology assumption can be formulated as follows:

Each industry has its own specific way of production, irrespective of its product mix.

In other words: each industry has its own input structure. To each industry we can attach a column of input coefficients that are typical of that industry. Even if the output mix of an industry changes, the proportions in which the inputs are used are not affected. The industry technology applies best to cases of by- or joint production, since in those cases several products are produced in a single production process. 

Again, the application of the assumption can be explained by a transformation process. In this case, the transformation matrices for the example would be:

	 
	USE TABLE
	SUPPLY TABLE

	 
	agriculture
	manufacturing
	final demand
	total
	agriculture
	manufacturing
	total

	agriculture
	0
	0
	0
	0
	0
	0
	0

	manufacturing
	-16
	16
	0
	0
	-40
	40
	0

	wages and salaries
	-16
	16
	-
	0
	-
	-
	0

	operating surplus
	-8
	8
	-
	0
	-
	-
	0

	total
	-40
	40
	0
	 
	-40
	40
	 


The secondary output of the agricultural industry (40) and the corresponding inputs are transferred to the column of the manufacturing industry. The corresponding inputs are determined by the input structure of agriculture: (120/300)*40 = 16 units of manufacturing products, same amount for wages and salaries and (60/300)*40 = 8 units of operating surplus.

The resulting tables are:

	 
	USE TABLE
	SUPPLY TABLE

	 
	agriculture
	manufacturing
	final demand
	total
	agriculture
	manufacturing
	total

	agriculture
	0
	160
	100
	260
	260
	0
	260

	manufacturing
	104
	76
	260
	440
	0
	440
	440

	wages and salaries
	104
	56
	-
	160
	-
	-
	0

	operating surplus
	52
	148
	-
	200
	-
	-
	0

	total
	260
	440
	360
	 
	260
	440
	 


No negatives in this case can arise since the amounts transferred are never larger than the amounts available in the columns of the industries. No negatives however does not imply that the results are therefore more plausible. 

Note that the column for manufacturing products contains a mix of two input structures: those of manufacturing products as produced as a primary product by manufacturing and the input structure of manufacturing products as produced by agriculture as a secondary product. 

2.1.3. Mixed technology assumptions

We have seen that the product technology assumption applies best to cases of subsidiary production, while the industry technology assumption applies best to cases of by- or joint production. In reality, of course, there will be cases of all types of secondary production. It is possible to use a mix of product and industry technology assumptions. The classical way of doing this (described already by the SNA68) is to divide the supply table in two parts: one which contains the primary and subsidiary products, and another which contains the by- or joint products. The product technology is applied to the first part, the industry technology to the second. This is called a "mixed" or "hybrid" technology model. The models give no new theoretical viewpoints, but are merely combinations of techniques. We will therefore not elaborate further on them. Moreover, we will see later that it is not necessary to employ them.

2.2. Industry-by-industry tables

To derive an industry-by-industry table we have to transfer inputs and outputs over the rows. The product classification of the rows is transformed into the industry classification of the columns. The SNA68 introduced for this purpose "industry-by-industry variants" of the product technology and industry technology assumptions. This section will show that this terminology is not correct. A new terminology (for the same procedures) will be introduced.

2.2.1. Assumption of fixed product sales structures

The first assumption is that of fixed product sales structures:

Each product has its own specific sales structure, irrespective of the industry where it is produced.

The term "sales structure" indicates the proportions of the output of a product in which it is sold to the respective intermediate and final users. In the example, the transformation matrices on the basis of this assumption would be:

	 
	agriculture
	manufacturing
	final demand
	total
	agriculture
	manufacturing
	total

	agriculture
	11
	5,5
	23,6
	40
	40
	0
	40

	manufacturing
	-11
	-5,5
	-23,6
	-40
	-40
	0
	-40

	wages and salaries
	0
	0
	-
	0
	-
	-
	0

	operating surplus
	0
	0
	-
	0
	-
	-
	0

	total
	 
	0
	0
	 
	0
	0
	 


The 40 units of manufacturing products produced by the agricultural industry are assumed to be sold in the same proportions to the industries and final demand as the manufacturing products produced by the manufacturing industry. In the use table, (120/440)*40 = 11 units of manufacturing products used by agriculture, (60/440)*40 = 5.5 units used by manufacturing and (260/440)*40 = 23.6 units consumed by final users are transferred.

The resulting industry-by-industry tables are:

	 
	agriculture
	manufacturing
	final demand
	total
	agriculture
	manufacturing
	total

	agriculture
	11
	165,5
	123,6
	300
	300
	0
	300

	manufacturing
	109
	54,5
	236,4
	400
	0
	400
	400

	wages and salaries
	120
	40
	-
	160
	-
	-
	 

	operating surplus
	60
	140
	-
	200
	-
	-
	0

	total
	300
	400
	360
	 
	300
	400
	 


Notice that the row sums now equal the industry output levels. The value added is unaffected, since this part is already formulated in terms of industries. 

2.2.2. Assumption of fixed industry sales structures

The alternative assumption to derive an industry-by-industry table is the assumption of fixed industry sales structures:

Each industry has its own specific sales structure, irrespective of its product mix

On the basis of this assumption we arrive at the following transformation matrices:

	 
	agriculture
	manufacturing
	final demand
	total
	agriculture
	manufacturing
	total

	agriculture
	0
	24,6
	15,4
	40
	40
	0
	40

	manufacturing
	0
	-24,6
	-15,4
	-40
	-40
	0
	-40

	wages and salaries
	0
	0
	 
	0
	 
	 
	 

	operating surplus
	0
	0
	 
	0
	 
	 
	 

	total
	0
	0
	0
	 
	0
	0
	 


The 20 units of secondary output are supposed to be sold in the same proportions to the users as the primary, i.e. the agricultural, output. Thus, 0 units go to agriculture, (160/260)*40 = 24.6 units go to manufacturing and (100/260)*40 = 15.4  units go to final users. This could results in negative elements (for example when there would not have been final demand for manufacturing products), but in the example this is not the case. The resulting tables are:

	 
	agriculture
	manufacturing
	final demand
	total
	agriculture
	manufacturing
	total

	agriculture
	0
	184,6
	115,4
	300
	300
	0
	300

	manufacturing
	120
	35,4
	244,6
	280
	0
	400
	400

	wages and salaries
	120
	40
	-
	160
	-
	-
	 

	operating surplus
	60
	140
	-
	200
	-
	-
	 

	total
	300
	400
	360
	 
	300
	400
	 


This procedure used to be called the "industry-by-industry variant of the product technology assumption". Again, in the derivation here, the product technology assumption has not been used.

The assumption of fixed industry sales structures seems to be rather unrealistic. Only in few cases will firms supply all their products in the same proportions to their users (an example may be secondary trade activities; e.g. software sold together with computers by a computer producing firm). In general it seems more plausible to assume that the secondary products have different destinations than the primary products.

3. Evaluation of the various assumptions; the problem of the negatives

SIOTs are compiled mainly to be used in input-output analysis. For this reason, the product-by-product variant was preferred by ESA95, since this table shows more homogeneous flows than the industry-by-industry variant, which is a requirement for input-output analysis. In using a product-by-product table in input-output analysis, it is assumed that each column of the table represents the input structure of the corresponding product, and that extra demand for that product leads to proportional demand of the products that are input in its production process.

The product technology model, as was shown above, assumes basically the same. The use of the product technology model is therefore fully consistent with the use of product-by-product tables in input-output analysis. This cannot be said of the industry technology assumption that leads to a SIOT where the columns contain a mix of input structures, requiring the use of the fixed market shares assumption, as shown above.

In practice, most cases of secondary production will be cases of subsidiary production, for which the product technology seems to apply best. Take the example of a construction company that produces some machine repair services as secondary product. The product technology assumption would attempt to estimate the inputs going in to the repair services by looking at the typical input structure of repair services when produced e.g. by the repair industry. The industry technology would allocate building materials such as bricks and mortar to the production process of the repair services, which is clearly nonsense.

For these reasons, the use of the industry technology formulas should in principle be avoided. However, the product technology assumption is not free of problems either. As shown in the example, it can give implausible results, most notably negative elements in the SIOT. 

Regarding the choice of methods for industry-by-industry tables the assumption of fixed product sales structures is clearly preferred, due to the unrealistic character of the alternative assumption. But also for the fixed product sales structure model, it is recommended that as much as possible actual data on interindustry flows is added to the process. Using this assumption plus additional data, the process of compiling the industry-by-industry table is relatively straightforward. 

