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1. Introduction

When input-output statistics are compiled in practice it is essential to consider the desired properties of the symmetric input-output table (SIOT) already at the stage where the supply and use tables (SUT) are planned. By making appropriate choices of classifications and structure of the SUT it is possible to construct a basic data set which is relevant and useful both in compiling the current national accounts and deriving the SIOT with a minimum of efforts and data manipulation. 
In this paper it is illustrated with data from the Danish input-output tables that it is possible to derive an industry-by-industry input-output table from the SUT as if it were almost directly observed, i.e. only to a very limited degree based on assumptions.   

This largely statistically based SIOT is the result of the following procedures: (1) For industries: specific redefinitions, primarily to deal with important cases of secondary production of products belonging in other major industrial groups (sections of the ISIC Rev.4) and vertically integrated enterprises that should be partitioned into establishments according to the stages of production if they span several sections of the ISIC;  and (2) For products: The most detailed product classification possible. 

The table resulting from this procedure can be seen as a type of activity by activity SIOT combining the best characteristics of the standard industry by industry or product by product tables.   
First the principles will be outlined. Then various aspects that affect the character of the data in the SUT will be discussed. Some implications of the relationship to the system of national accounts are outlined. In particular some important changes from the 1993 SNA to the 2008 SNA, indicating that economic and institutional aspects are gaining in importance versus the technical-economic approach, are discussed. Finally the empirical analysis based on the Danish data for 2007 is presented.  
2. Some down-to-earth observations concerning the construction of the SIOT.  

A remarkable literature is available which discusses the pros and cons of the various hypotheses that might be used to overcome the problems caused by non-characteristic (secondary) production when compiling symmetric input-output tables. One reason for this may be that the transformation from the SUT to the SIOT is the only step on the long way from the basic statistical surveys to the SIOT that can easily be cast in terms of mathematical formulas and made the object of sophisticated proofs of various kinds. It therefore has a strong appeal to more theoretically oriented researchers, but usually distant from the actual compilation work in statistical offices. Compared to the theoretical exercises the literature on empirical compilation of supply and use tables is sparse. However, the size of the literature on the two issues should not be seen as reflecting their relative importance.

In the mathematical exercises one important assumption is usually that there is complete homogeneity within the limited number of products and industries defined in the formulas so that the real-world problems of different products or production processes in the economy do not play any role. As soon as this assumption is relaxed to take into accounts the underlying aggregation problems the formalisation process becomes either much more complicated or even impossible, and it is difficult to arrive at unambiguous conclusions.  

The four standard types of symmetric input-output tables that are usually dealt with and analysed in theoretical expositions are shown in figure 1, based on the terminology introduced in Konijn and Steenge (1995).
Figure 1. The four standard types of symmetric input-output tables  
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Sources: Thage (2002), Eurostat (2008), Miller and Blair (2009) 

On the background of the data and classification issues dealt with in this paper the compilation of the SIOT can be seen from a different point of view, also keeping in mind that input-output tables were also compiled many years before the various formal methods were developed. 
One consequence of the development of standard methodological models for the transformation from SUT to SIOT has been to see the various kinds of theoretically possible SIOTs as belonging to the same category of tables, just based on different assumptions, and seeing products and industries as being interchangeable concepts. This is, however, ignoring the very important statistical fact that the number of products can usually (based on available statistics) be much higher than the number of industries. Thus there is almost no limit to the product detail (there are around 10.000 product in the foreign trade statistics), whereas the industry detail could realistically not be more than a few hundred.  If the most detailed product classification is aggregated to the a number of product groups identical to the number of industries, so that the supply and use tables from which the SIOT is compiled, will be square, this will imply an massive loss of information that has to be replaced by assumptions to derive the SIOT. 

Whereas a product by product SIOT based on the assumption of a product technology will necessary have to be compiled from square supply and use tables and be based on strong assumptions about technology that can neither be proved nor rejected at this level aggregation, the industry by industry SIOT can in a limiting case - which may be approximated with a few thousands products - be seen as directly observed, i.e. not even based on any assumptions about sales structures.   

The limiting case arises when each product originates in only one producer industry. In this case there is no question about distributions or subdivisions, and these rows can be aggregated into the industry classification right away. Similarly if there is more than one producer, but only one user, the subdivision of the user cell according to producing industry will be based directly on the observed output distribution by industry in the supply table. If all products belong to one of these two categories the resulting industry-by-industry SIOT would show deliveries between industries as they actually took place the real world – as far as it is reflected in the SUT. 
But even with a large number of products the ideal situation of having just one producer in each row or just one user of the product will not be fulfilled for all products, on the user side in particular because there may be changes in inventories or exports of most products. In this case the assumption of the fixed product sales structure can be applied. To limit the effects of this assumption it may, however, be relevant to explore statistically based partial solution. The industrial origin of exports could for example be based on information about the exporting units contained in the external trade statistics administrative records, even though exports via wholesale traders may cause some problems. Another possibility could be to assume that exports are usually originating with the main producer of a product. If exports are given such special treatment, the fixed product sales assumption could be applied to the remaining part of the product (if there were still more than one domestic user). 

Thus a statistically based symmetric input-output table would be the result of the following procedures:

1. For industries: Redefinitions, primarily to deal with important cases of secondary production of products belonging in other major industrial groups, and vertical integration.
2. For products: Apply the most detailed product classification possible to obtain the maximum degree of the “assumption-free” transfer to the SIOT. 
The SIOT resulting from this procedure can be seen as a type of activity-by-activity table combining the best characteristics of the standard industry by industry or product by product tables.    

In the following the standard methodologies for deriving SIOT from SUT will not be discussed, and when relevant, references are made to the exhaustive treatment in two recent publications: The Eurostat IO-Manual (2008), and Miller and Blair (2009). Both contain comprehensive chapters on organisation of basic data for input-output models and the product by industry approach in input-output models and also deals with the question of compiling symmetric input-output tables directly from rectangular supply and use tables, based on Thage (2005).
3. Various issues of relevance for the properties of the supply and use tables

In this section a number of issues related to the classifications of products and industries, and the production units applied are highlighted. It is indicated how the definitions of national accounts system affect the character of the data in the SUT, and further the implications of some important changes from the 1993 SNA to the 2008 SNA are discussed. Finally the concept of redefinition is considered.     
Primary and secondary production

It is well-known that the existence of secondary production (i.e. an industry producing some products that according to the applied classifications and aggregation levels of industries and products characteristically belong in another industry) has been the major stumbling block in deriving symmetric input-output tables from supply and use tables, and given rise to an extensive literature on the pros and cons of alternative approaches that can be taken to overcome this problem. 

The concept of secondary production is an illusive one, as observed secondary production depends on the level of aggregation of both products and industries and secondary production therefore does not possess any observable characteristics of its own. The vagueness of the concept of secondary production makes it in general difficult to justify that a product should be of particular interest statistically or methodologically just because it is produced in two or more industries at a certain level of industry and product aggregation. 

The distinction between primary and secondary production is usually related to a square supply table for domestic production, where non-zero entries outside the main diagonal show the extent of secondary production. In the case of more products than industries the rectangular supply table will have a block-diagonal structure, where “off-diagonal” elements will show production of a particular product also by other industries than the main producer. There is, however, no reason why the products should be organised in such a way as to make this diagonal visually observable, and with 2.300 products in the case of Denmark the supply table will never be shown in a single matrix similar to the usual textbook expositions. The logical thing to do is to keep the products arranged according to numerical sequence of classifications of goods and services.

But what become classified as primary or secondary does not depends of the level of aggregation of products and industries alone. It also depends on the definition of a primary producer. If a theoretical approach is chosen, a given classification, such as the CPA, defines in which industries products are principal, even though this industry may not be the main actual producer, or perhaps has no output of this product at all. In an empirical approach the main producer of a product would simply define the primary producer. This is the approach taken when making the distinction in the following empirical analysis, although it should be noted that the distinction primary/secondary is used here only for illustrative purposes. When compiling an industry-by-industry table on the assumption of fixed product sales structures there is no need to make a formal distinction between primary and secondary production. In the transformation process the observed distribution of the individual products by producing industries is just used.

For most countries the supply matrix is largely characterised by showing secondary production for manufacturing industries only, whereas for other industries practical all production is found in the diagonal elements. There are three reasons for this. Firstly basic statistics for manufacturing industries are traditionally much more detailed than for other industries thus permitting the identification of secondary production. Secondly for service industries the diagonal structure is usually simply due to the fact that no product statistics exist, so that total output from production units are assumed to be characteristic output of the industries to which the units are classified in the business register. Thirdly economic activities such as agriculture, construction and trade are often defined in a more pure form in the national accounts than in the business register so that secondary activities in these industries have already been transferred to the relevant primary industries before the data are entered in the supply and use table. Thus the supply and use tables are usually to a considerable extent constructed in such a way that potential problems in the subsequent compilation of the SIOT are foreseen and avoided.  Table 2 illustrates the extent of secondary production in the Danish supply table.

Horizontal and vertical integration
The statistical existence of secondary production is related to the concepts of horizontally and vertically integrated production units. In practice the most important prerequisite for the collection of basic statistics is the business register and the types of economic units it identifies. Ideally business registers will contain two types of production units, namely enterprises, the producer part of institutional units (institutional units are economic entities that have economic autonomy, usually identical with the legal units), and kind of activity units, KAU, which are enterprises, or parts of enterprises, that engage in only one kind of economic activity or in which the principal productive activity accounts for most of the value added. Establishments are local KAUs. 

Usually enterprises are the core units in the business register, as they are relatively easy to identify and track on a current basis owing to their legal status. It depends on register policy how many establishments are created (i.e. how many enterprises are partitioned into establishments). In the collection of basic statistics the enterprise will usually be the observation unit, and to the extent that an enterprise is made up of several establishments the enterprise will be requested to report production statistics for each of their establishments separately. 

Though the majority of enterprises by number engage in only one sort of production in one location (and thus are identical to establishment unit), the major part of production is carried out by a relatively small number of large corporations (often multinationals) that undertake many different kinds of production, and there is virtually no upper limit to the diversity of production in large enterprises. Regarding the underlying statistical units the SNA and the ESA recommend the use of establishments when compiling the production part of the national accounts. 

The partitioning of horizontally integrated enterprises into establishments obviously decreases the share of secondary production. The creation of establishments must for all practical purposes be understood to have been carried as far as possible in the business register, and therefore already implemented for the source data made available for the compilation of the SUT. These units are therefore in general not candidates for further partitioning in the national accounts. This implies that in the case of horizontally integrated enterprises the “purification” concerning secondary production is given with the existing basic statistics. This is also consistent with the view that national accountants are not supposed to create their own versions of existing basic statistics. Firstly this would be a tremendous work, and secondly it would undermine the comparability to other categories of current economic and social statistics.

The circumstances is different and more complicated in the case of vertically integrated enterprises, i.e. enterprises in which different stages of production, which are usually carried out by production units belonging to separate classes of the ISIC (in the ISIC Rev. 4 there are 419 classes), are carried out in succession by different parts of the same enterprise. Such units will usually not be partitioned into establishments in the business register and current statistics, whereas it is sometimes desirable to do so in the national accounts and SUT. It should be noted that the vertically integrated unit may not have any secondary production, and therefore can not be identified on this criterion - specific knowledge is necessary. Thus a vertically integrated enterprise involved in both the mining and subsequent further processing of a metal may have only a single final product, the marketable metal. Similarly an integrated grape and wine producer may have only wine as the single final product. If such vertically integrated activities were not partitioned into separate units for each stage of the production (in these examples 1.mining and 2.manufacture of basic metal; and 1.agriculture and 2.manufacture of wine) a distorted picture of the basic production structure and the specific input structures would be given. 

On the other hand the partitioning of a vertically integrated enterprise is difficult as values have to be imputed for the outputs from the earlier stages of production that are not actually sold on the market and which become intermediate input into the later stages. Therefore the 2008 SNA recommends (par. 5.26) that only when a vertically integrated enterprise spans two or more sections (corresponding to broad industry groups such as agriculture, fishing, mining, manufacturing etc) of the ISIC, at least one establishment must be distinguished within each section. With this treatment, activities of units engaged in vertically integrated activities will not cross section boundaries of the ISIC (in total ISIC Rev. 4 has 21 sections). 

The above recommendation must be understood to be applied only when significant amounts are involved. Similarly – though not explicitly stated in the SNA – this rule may also be applied to the case of horizontal integration, so that when secondary production belongs to another section of ISIC, and significant amounts are involved, a partitioning should take place (although this will most often have been done already in the business register). To the extent that this secondary product is produced both for own internal use and for sale, the case is already covered by the rules governing partitioning of vertically integrated enterprises. 

It should be noted that there is a change in classification principles for vertically integrated enterprises from the ISIC Rev. 3 to the ISIC Rev. 4 (and from the 1993 SNA to the 2008 SNA). Whereas previously a unit with a vertically integrated chain of activities should be classified to the class indicated by the nature of the final products, the ISIC Rev. 4 stipulates that the activity is the one with the largest share of value added. Thus if important vertically integrated enterprises are not partitioned, the shift to ISIC Rev. 4 may move major enterprises between sections. 

Even though the above is cast in the terminology of individual producing units, the creation of additional establishment units in the process of preparing data for compiling the national accounts will most often take place at a more aggregated level so that the creation and transfer to another economic activity take place at the industry level. For example all trading activity carried out by a manufacturing branch is moved en bloc to the trading industry. Similarly the partitioning related to vertical integration may take place by splitting industries as a whole. For example all grape production in the integrated wine industry may be moved en bloc to agriculture, and the rest placed in the manufacturing of wine industry. Thus the individual production units (as found in the business register) are not identified or redefined in the course of these manipulations.

Further it is important to note that these redefinitions are part of the preparation of the basic data for input into the system of national accounts as source data. In the actually compiled SUT the redefinitions will already be included. Thus there should not be two versions of the SUT - one with redefinitions and one without
. These redefinitions should be applied not only for the SUT, but for all national accounts work to facilitate the comparability across the standard national accounts tables, the SUT, and the SIOT.  In this way the internal consistency in the national accounts data set as a whole is given a slightly higher priority than the comparability to the activity classifications of current economic statistics in general.

Ancillary units

In national accounts there is an important distinction between secondary production and ancillary activities. Ancillary activities provide the basic services that every enterprise needs to operate effectively such as bookkeeping, human resource management, sales and purchase functions, warehousing, transportation cleaning etc. These services can be produced in-house or purchased on the market. When in-house produced they are not intended for sale and do not become part of the final product. According to both 1993 SNA and the 2008 SNA ancillary activity undertaken in the establishment where it is used is considered an integral part of the activities of the establishment and the entire costs of such in-house produced activities should not be separately identified and the activity in no case be created as a separate establishment.

However, when it comes to separately located ancillary units, such as for example head offices, serving more establishments belonging to the same enterprise there is a change from the 1993 SNA to the 2008 SNA.  According to the 1993 SNA the costs of such units should be distributed onto the establishments which they serve and added to the latter’s’ costs (1993 SNA par. 5.29), i.e. following the same principle as for the in-house produced ancillary services. The 2008 SNA (par.5.41) stipulates that when ancillary units such as head offices are separately located and are statistically observable in the same way as an establishment, then it is desirable that they be treated as separate establishments and classified to their principal activity. In ISIC Rev 4 there is in Section M Professional, scientific and technical activities a special group, 701: activities of head offices, whereas the ISIC, Rev 3, in the most comparable group, 7414 Business and management consultancy activities, there is no mentioning of head offices.

This shift on both the SNA and the ISIC concerning ancillary units can be taken as an indication of the general tendency of the international systems to reflect actual institutional arrangements rather that attempting to rearrange data to reflect technical-economic relationships. 
Goods sent for processing
According to the 1993 SNA goods sent for processing to another domestic establishment are recorded without imputing a change of ownership unless the establishment is part of the same enterprise as that supplying the goods. The reason for this rule is that there will be no need to define “goods for processing” in a domestic context – all deliveries between establishments within the same enterprise (intra enterprise inter-establishment deliveries) are treated in the same way. An exception to the change of ownership rule is also made for goods sent abroad for processing. Except for goods sent abroad temporary and returned in more or less the same condition (maintenance, servicing, routine repairs), a change of ownership is imputed (gross principle). In these cases the goods sent abroad loose their identity by being transformed or incorporated into other goods (1993 SNA 14.61)
Imputing a change of ownership of goods sent to a processing unit abroad allows the traditional approach to input output which shows the full transformation of goods from one commodity heading to another. In the owner-country, the original goods "disappear" as exports of one type of product and "reappear" as imports of another at a higher value. The processing country is shown as producing these finished goods and the owning country does not produce them but only imports them. The treatment of goods for processing in the 1993 SNA was intended to facilitate input-output analysis. In the SNA updating it was questioned whether there was still a valid reason to record goods for processing on a gross basis or if the advent of globalization and the increasing amount of goods processed abroad implied that a change in practice would be appropriate.
In the 2008 SNA the “risk” is introduced as new criteria. Output is defined as the goods and services produced by an establishment: (1) excluding the value of any goods and services used in an activity for which the establishment does not assume the risk of using the products in production, and (2) excluding the value of goods and services consumed (intermediate consumption) by the same establishment except for goods and services used for capital formation (fixed capital or changes in inventories) or own final consumption. (2008 SNA 6.89).

Thus if the establishment to which goods have been delivered has discretion about the level of production, the price to be charged and the choice of customer, and in general to have assumed the risk of using the goods in production, the establishment is seen as having taken economic ownership of the goods being processed. The finished product therefore is included as output of the establishment, and the goods delivered are intermediate consumption of the establishment.

This rule is valid no matter whether the goods are delivered to another domestic establishment or to an establishment abroad. Therefore, in the 2008 SNA there is no longer any difference between the treatment of goods for processing domestically and abroad. Also there is in the case of goods for processing no longer any difference between the treatment of deliveries between establishments belonging to the same enterprise, and inter-enterprise deliveries. 

This has implications for the input-output tables which on the new basis will reflect the economic and institutional basis of production (what does each unit contribute to the production process) rather than the technological basis (though that was not really what was measured previously either). The focus is on the contribution of each unit to the production process rather than on the physical technology. Thus the message from the 2008 SNA is that as the increasing importance of outsourcing under globalization of markets make the institutional changes more rapid and significant, these are phenomenon that the input-output compilers and analysts will have cope with – but not by making an artificial world of their own that rolls back these structural changes. This subject is discussed at more length in Thage (2009)
Redefinitions 
In Miller and Blair (p.215) a distinction is made between specific redefinitions and mechanical redefinitions. Specific redefinitions are usually of a kind that cannot be made on the basis of the data already available in the SUT system. They require application of special kinds of information and insight into the specific production structures, such as for example when partitioning vertically integrated enterprises as outlined above. Therefore specific redefinitions will usually be “made by hand”. Whereas the specific redefinitions will take place a priory when compiling the SUT, the mechanical redefinitions are those that are carried out just by using the information already in the SUT, such as for example compiling a product-by-product SIOT on the assumption of product technology. 

In practice the redefinition procedure
 will be restricted to a few important economic activities such as agriculture, energy, construction and trade.  For some activities redefinitions have already been carried out in the source data.  Thus the European System of Agricultural Accounts requires that all agricultural activity is covered by the accounts, and there are very limited possibilities to retain non-agricultural secondary production within the system’s definition of agriculture. Similarly all dwellings are usually grouped together in one single industry independently of the activity of the actual owner. Trade activities outside the trade industries must by definition always be separately identified in the national accounts, as only the trade margins and not the gross turnover of the traded products should be counted as output. Construction activities are also often redefined to form one single “pure” construction activity which in turn facilitates the distribution of the intermediate consumption of building materials.

In traditional input-output terminology these redefinitions bring the table closer to the “product by product” type of table, and the methods applied will most often be based on product specific input structures (as thus show analogies to the product technology assumption). The redefinition task is carried out “by hand” and based on specific insight into the activities so that the results will come as no surprise and never give rise to negative elements. Although the redefinitions serve the purpose of more “pure” activities and thus facilitates input-output analysis, their main purpose is to produce an activity classification that is applicable to the national accounts as a whole.
Prior to the compilation of the Danish SUT the following redefinitions have been carried out to make the sections agriculture, construction and trade pure activities, i.e. to the extent that secondary activities exist in these sections they have been moved to their primary industries, and activities belonging to these sections in other industries have been moved the other way. In total the output from these three activities make up 605.155 millions DKK in 2007, or around 20 percent of total output in the economy. Vertical partitioning has been carried out especially in energy branches.    

4. The extent of non-assumption in the construction of the Danish input-output table

The Danish system of supply and use tables contains 2.300 products and 130 industries, as shown in table 1. The following is based on data for the year 2007, but similar annual data are found back to the year 1966. Final demands are made up of 73 groups of private consumption, 3 types of government consumption, 12 types of fixed capital formation, 6 types of changes in inventories, and two types of exports (re-exports and other exports). At all levels of the system value matrices are fully specified (basic price, wholesale trade margins, retail trade margins, taxes on products exclusive of VAT, non-deductible VAT, and purchasers’ prices). The total number of cells in the system is therefore very large - thus in the intermediate consumption matrix alone more than 1 million when all value levels are included.
The fact that most of these cells have zero values is reflecting the main advantage of working with such detailed a system. The interaction between the information obtained from basic statistics about the input structures of industries and composition of final demands, and the information contained in the detailed product classification, where many products will have only a single or a few uses, makes it possible to balance the system at a high level of insight, where the detailed data have not been lost in aggregation but are immediately at hand to inform the balancer. 

As shown in table 1 there are 4,166 non-zero cells in the supply table (dimension 2300 x 130) different from zero (and in addition imports of most products). The use table contains in the intermediate consumption part (dimension 2300 x 130) 31,056 cells different from zero, and for the final expenditures (dimension 2300 x 96) 8,321 cells different from zero. Of these latter 3,530 are for changes in inventories and 3,085 for exports, as most goods will have these final uses in addition to any other uses they may have. Thus the matrices for final expenditures for household consumption, government consumption and fixed capital formation have in total only 1,705 cells different from zero. On the average a product is supplied from 1.8 industries, and has 17.1 intermediate and final uses.

For practical reasons the products are grouped in certain categories depending on their statistical origin. Table 2 shows for each of these categories the total output and the primary output. The various product categories will not be explained here, but most of them should be self-explanatory. It is noted that most of the “tailor-made” categories have practically no secondary producers. As previously noted the services (T) category is born with very limited secondary production, whereas it is noticeable that the ordinary goods category (V) also has very limited secondary production, although for manufacturing it is based on a detailed product statistics and establishment units. 

When the balanced SUT is available at this level of detail it has also important implications for the subsequent derivation of the symmetric input-output table, where it is equally important that the details in the SUT can be utilized to obtain a SIOT based on a minimum of assumptions.

As already noted in the section about redefinitions the industries in the SUT (after redefinitions) can usually not meaningfully be further subdivided by mechanical redefinitions, in particular because of their institutionally oriented structures. For this reason the SIOT will formally have to be of the industry-by-industry type based on the assumption of fixed product sales structures. However, it should be noted that when working at this level of detail most of the contents of the industry-by-industry table can be derived directly from the SUT without making any assumptions at all, i.e. we can be certain that the transactions in the SIOT largely reflect real-world industry-by-industry transactions. 

In the following analyses only supply and use at basic prices are considered, as the other layers in the valuation sequence follow automatically and are basically not related to the question of compiling the SIOT (all trade margins will be in the rows for the trade industries, and taxes on products are outside the “endogenous” part of the SIOT). Similarly the more detailed investment matrices and other supplementary matrices are ignored in this context.
When an industry-by-industry SIOT is compiled on the assumption of fixed product sales structures it is assumed that the distribution of a product by user is independent of the producing industry. Thus each element in the row for a product in the use table is subdivided in the same proportions by producing industry as shown in the supply table. When all 2,300 product rows in the use table have been subdivided in this way, the total number of resulting rows will be number of products x average number of supplying industries, or equal to the number of non-zero cells in the supply table (which are 4,166 in the Danish table). Each of these 4,166 rows in the use table will have both product identification, and (producing) industry identification. Summation over the industry identification will result in the industry-by-industry symmetric input-output table.

With the detailed product classification there will, however, be many products in the use tables that can enter directly into the industry-by-industry table without having to rely on the assumption of the fixed product sales structure. This is the case for all those products which are originating in only one industry (has only one producer). Here it is immediately clear to which industry the row in its totality should be referred, and there is no question of subdividing it. Further those products which have multiple producers, but only one user can also be referred directly to the industry-by-industry table without any assumptions as the single user cell can only be distributed on industries as shown in the supply table. 

Before proceeding it is necessary to consider imports. In the use table cells include both domestic production and imports. The application of the fixed product sales structure assumption as outlined above presumes either that imports have already been separated out and removed from the use table, or that imports are assumed to follow the same delivery pattern by industry as the domestic production. In the latter case it is necessary to attach an industry code to those products where there are only imports and no domestic production. In principle both approaches are used in the Danish tables, but for the following exposition we shall assume that imports have already been separated out and removed from the use matrix. As this has been done on the proportionality assumption by user (except for exports) for each product, the number of non-zero cells will not be changed for products with domestic production. But the 567 products with imports only will not play any role in the subsequent derivation of the (domestic) industry-by-industry table. 

 As shown in table 3 982 products out of the remaining 1,731 products have one producer industry only. These products cover about 75 percent of total domestic output. The next category of “assumption-free” products consists of products that have more than one producer, but only one user. This group is quite small, and comprises only 10 products that on the other hand make up around 5 percent of total domestic output. 
Thus in total around 80 percent of the values in the use table can be incorporated in the industry-by-industry input-output table without any assumptions, as their industrial origin is a priori fully identified.

Possible ways to limit or modify the use of the assumption of a fixed product sales structure for the remaining products have not been explored. Table 4 shows the extent of non-zero cells for main categories of uses combined with the number of producers at the supply side. Obviously the high density of non-zero cells for changes in inventories and exports contributes to the fact that relatively few products have one user only. If they were somehow independently classified by industry, which would to a large extent be possible with existing statistics, the assumption-based part of the contents of the resulting SIOT would be even more limited. So far it has, however, not been found worthwhile to use such approaches. But it should be mentioned that changes in inventories of work-in-progress and finished products in manufacturing industries are handled directly (and only) at the industry level in the compilation system.  
The ratio of secondary production is around 16 percent for the remaining 20 percent of the output, i.e. 16 percent of the output is produced in industries other than the major producer of each product.  The corresponding ratio of secondary production for total output in the economy is around 5 percent, but this percentage is of limited interest when assessing the implications of the fixed product sales structure approach. Even though the industry-by-industry table is derived under the assumption of fixed product sales structures, the assumption is only effectively applied for around 20 percent of the total values contained in the table. For this remaining share, on the other hand, it is not possible to assess the distortion (compared to the true industry-by-industry deliveries) caused by using the fixed product sales structure assumption, as each derived cell could in principle have a quite different real-world value, though still under the restriction that the total use of these products by each user category remain unchanged.       

Sometimes the share of secondary production in total production is taken as an indication of the significance of the choice between the various approaches that can be taken to derive the SIOT from the SUT (Eurostat Manual, p.308 and also quoted in Miller and Blair p. 223), so that if the share of secondary production is small it does not much matter which approach is chosen. But a 5 percent secondary production does not imply that only a minor uncertainty of around 5 percent will be included with the cells of the resulting SIOT. If at a high level of product aggregation (for example corresponding to a square supply table) all products (or at least manufacturing products) are produced also as secondary production this implies that any cell in the resulting table could have a real world value very different from the estimated one, and even zero. The significance of working at a high level of product detail is that a large part of the resulting SIOT will have the same reliability as the SUT, and thus not depend on any transformation assumptions. Even if the share of secondary production in both an aggregated supply table and a very detailed supply table are 5 percent, the implications for the resulting SIOT will be quite different.
Table 1. Density of supply and use matrices

	
	Dimension
	Total number of cells
	Non-zero cells
	Percentage non zero cells

	Supply table
	2300 x 130
	299.000
	4.166
	1,4

	Use table
	2300 x 226
	519.800
	39377
	7,8

	Of which
	
	
	
	

	 Intermediate consumption
	2300 x 130
	299.000
	31056
	10,4

	Household and government consumption, and fixed cap. Form.
	2300 x 88
	202.400
	1705
	0,8

	Changes in inventories
	2300 x 6
	13.800
	3530
	25,6

	Exports
	2300 x 2
	4.600
	3086
	67,1


Note: At the SUT level the system also includes 3 technical redistribution branches. They are ignored in this table though they are included in the count of non-zero cells.

Table 2. Types of products, and the extent of secondary production

	Types of products
	Number of products
	Total output

Mill. DKK
	As principal production

Mill. DKK
	Principal production as percent of total

	E. Own consumption. Agriculture
	4
	94
	94
	100,0

	F.  Products as fringe benefits
	4
	11.225
	6.948
	61,9

	H. Black economy products
	28
	11.680
	11.680
	100,0

	K. Capital goods for own use 
	58
	17.888
	5.848
	32,7

	L. Processing services by manufacturing.
	48
	21.377
	21.377
	100,0

	M. Repair and installation work
	44
	123.319
	105.799
	85,8

	N. Output from NPISH
	10
	12.542
	12.542
	100,0

	Q. Government non-market products
	38
	414.897
	414.897
	100,0

	S. Sales from government
	40
	46.899
	41.471
	88,4

	T. Services (other)
	198
	1.470.306
	1.443.471
	98,2

	U. Special goods and services, including output from construction
	45
	242.134
	189.082
	78,0

	V. Goods (other)
	1781
	730.754
	682.949
	93,5

	Total
	2298
	3.103.115
	2.936.158
	94,6


Table 3. Products by number of supplying industries and users.

	Number of supplying domestic industries
	Number of products
	Value of domestic production 
Mill. DKK
	Non-zero user cells total
	Number of these products with 1 user only
	Comments

	0  (only imports)
	567
	0
	3.853
	26
	

	1
	982
	2.321.791
	19.210
	183
	Includes special products for own account investments (excl software), processing and repairs and maintenance, and all trade

	2
	314
	242.861
	5.343
	4
	Mainly construction products

	3
	173
	199.199
	3.466
	2
	Mainly construction products

	4
	97
	95.494
	2.239
	0
	

	5
	46
	33.685
	1.127
	0
	

	6
	38
	35.721
	1.130
	0
	

	7
	24
	31.303
	773
	0
	

	8
	18
	22.574
	602
	0
	

	9
	7
	9.066
	456
	0
	

	10
	5
	5.994
	421
	0
	

	11-19
	23
	65.585
	661
	0
	

	40
	2
	16.018
	92
	0
	(1) Manuf. industry services, allocated to unspecified products and to exports.

(2) Payment of licences exclusive of software (has 88 users)

	60
	1
	4.023
	1
	1
	Deliveries to inventories of finished products by manuf. industries

	111
	1
	5.405
	1
	1
	Free car as fringe benefit

	113
	2
	14.428
	2
	2
	(1) Free PC as fringe benefit, and (2) In-house developed software.

	Total
	
	3.103.146
	39.377
	219
	


Table 4. Non-zero cells in the use table by number of producing industries
	Number of supplying domestic industries
	Number of products
	Non-zero user cells 

total
	Non-zero user cells in intermediate consumption
	Non-zero user cells in changes in inventories
	Non-zero user cells in exports
	Non-zero user cells in other final uses

	0  (only imports)
	567
	3.853
	2398
	575
	575
	305

	1
	982
	19.210
	16.239
	1170
	1067
	734

	2
	314
	5.343
	3806
	682
	604
	251

	3
	173
	3.466
	2575
	408
	334
	149

	4
	97
	2.239
	1728
	236
	192
	83

	5
	46
	1.127
	868
	121
	92
	46

	6
	38
	1.130
	916
	102
	73
	39

	7
	24
	773
	610
	81
	48
	34

	8
	18
	602
	500
	48
	36
	18

	9
	7
	456
	233
	22
	14
	7

	10
	5
	421
	147
	16
	9
	8

	11-19
	21
	661
	946
	68
	40
	28

	40
	2
	92
	90
	0
	2
	0

	60
	1
	1
	0
	1
	0
	0

	111
	1
	1
	0
	0
	0
	1

	113
	2
	2
	0
	0
	0
	2

	Total
	2298
	39.377
	31.056
	3530
	3086
	1705
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� In Guo, Jiemin; Ann M. Lawson and Mark A. Planting. (2002) examples of SUT before and after redefinitions are shown to illustrate the effects of the redefinitions in the US-tables.


� This redefinition or two-step process emerges from the practice in several countries. It is explained in detail for the United States in Jiemin Guo, Ann M. Lawson and Mark A. Planting (2002). The article also analyses the differences between the resulting tables when redefinitions are not applied, and when they are applied . The redefinition method is also used in for example Canada and Denmark, but to a certain extent in practically all countries compiling input-output tables. 
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