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A DISAGGREGATED ESTIMATE OF GROSS CAPITAL FORMATION
BY SECTOR OF ORIGIN AND DESTINATION

Ludovico Bracci, Massimo Costanzo and Cecilia Jona-Lasinio
Department of National Accounts and Economic Analysis, ISTAT

Summary

In 1999, for the first time after twenty-five years, the Department of National Accounts and Economic
Analysis produced  a flow-matrix of investments.  It is a distribution matrix which allows to establish the
flow of investment goods from production to destination sectors.  The definition and estimation of this
flow-matrix appears to be very powerful because it is a basic tool for a detailed sectorial analysis, it
constitutes the first step towards disaggregated estimates of capital stock;  it allows to estimate gross
capital formation by owner using simultaneously information from the supply and demand side and allows
to check the reliability of investments by product using the information gathered directly from firms.

In the paper we present a new method to estimate gross capital formation by owner using this flow-matrix
of investments.  The method presents important elements of innovation:  the identification of all the
intersectorial flows between branches and the simultaneous use of the whole information from the supply
and demand side.

1. Introduction

1. ISTAT produces annual estimates of gross capital formation by branch of product and by branch of
owner.  In the light of the general revision of National Accounts according to ESA95, in 1999, the
methodology of estimation of these two aggregates has been substantially modified.  The estimation of
the series of investment by ownership has undergone the deepest changes1.  In the past the flow of
investment’s goods from production to destination sectors was not estimated.  For the first time, in
1999, investments by ownership have been obtained estimating an exhaustive distribution matrix
which allows to establish such a flow.

2. The definition and estimation of this flow-matrix appears to be very powerful because it is a basic tool
for a detailed sectorial analysis, it constitutes the first step towards disaggregated estimates of capital
stock;  and it will allow National Accountants to check the reliability of investments by product using
the information gathered directly from firms.

3. The construction of the matrix required, as a fundamental prerequisite, the revision of the estimation
methodology of capital formation by product.  As will be clarified later, most of the information used
to derive the flow-matrix has been obtained from the estimation method of the investments by product.
Therefore, it has been necessary to reach a deep level of disaggregation of the input data (investments
by product) in order to allow correct estimates of the intermediate flows.

4. Secondly, the estimation of investments by product is binding for the estimation of investments by
owner.  As a matter of fact, the Department of National Accounts produces the annual estimation of

                                                     
1 Details on the estimation methodology followed in the previous revision are contained in Lupi and Mantegazza

(1994).
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investments by product a few months before that one of investments by owner.  This is due to technical
delays caused by the lags in the availability of the direct survey used for the estimation of investments
by owner.

5. The paper is organised as follows:  section 2 contains a description of the methodology used to
construct the matrix, in section 3 we explain the matrix balancing procedure and section 4 is centred on
comments and conclusions.

2. The Methodology

6. The matrix has been estimated for the benchmark year (1992) according to the new economic activity
classification (ATECO91) based on NACE Rev.12.  The distribution matrix is 92 by 31, where the
rows represent investments by branch of product and the columns investments by branch of owner.

7. To build the matrix the first step is the identification of the economic activities that effectively buy
investment goods.  In other words, for each row we must identify all the non-empty cells which
contain the expenditure made by the destination branches to buy the corresponding product.  As stated
before, we gathered most of information from the estimation method of investments on the supply side.
Therefore, we choose to estimate the investment by product at five-digit level, instead of the usual
three digits used by the Italian National Accounts (NA) which adopt a 101 branches classification
aggregating the NACE Rev.1 at three digits level.  Our choice identifies 152 economic activities
producing investment goods.  For the destination branches instead we kept the 101 branches
classification used by the NA.  Here, it should be noticed that the final investment matrix (92x31) is an
aggregated version of the 152x101 matrix which is the one effectively estimated.

8. Once filled the cells of the matrix we estimate the investments on the demand side (investments by
owner) using both the information gathered from the Survey of the System of Accounts of Business
Units, SAB, (addressed to firms with more than 20 employees) and from the matrix itself.

9. Thus we have the following information sets:  investments on the supply side (total by rows of the
matrix), the flow-matrix and investments on the demand side (total by columns of the matrix).  Note,
however, that the total investment on the supply side is not equal to the total on the demand side.  This
is because of the different sources used and of the lower coverage of the surveys on the demand side.
Therefore, in order to get consistent estimates we balanced the flow-matrix with the algorithm usually
adopted by National Accounts3.

10. In the following paragraphs will be analysed in detail the matrix building methodology.

2.1 Estimates on the supply side

11. The estimation of investments by product for the 152 economic activities is carried out following the
commodity-flow method and the method of purchase4.  In particular, the first method is applied to

                                                     
2 The economic activity classification (ATECO 91 ) follows the Nace Rev.1 up to the fourth digit level, while the

fifth level is a further disaggregation of  the fourth.

3 See Stone (1988).

4 The basic methodology of the commodity-flow method is the same as the previous revision of NA aggregates,
though there are meaningful differences in the use of the sources. For a discussion of the method in the estimate of
uses see Bracci, Di Leo, Mantegazza (1988).
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estimate the 75% of the 152 economic activities while the second is used for the estimation of the
remaining 25%.  These estimates are aggregated in order to match the NA aggregates balanced at 101
branch level.  After the balancing procedure has been applied, the resulting figures must be attributed
again to the corresponding economic activities.  The attribution has been done according to the relative
reliability of the estimates by ATECO which in turn depends on the different sources and method
used5.

2.2 The flow-matrix

12. At this point we can break down the balanced investments by product under the branches of
destination.  As stated before, to identify these branches we exploit the information gathered from the
estimation method of the investment by product.  Actually, the method of purchase allows a
straightforward assignment since in most cases the sector of destination of the firms that made the
investment can be deducted from the source itself.  Conversely, the commodity-flow method gives an
indirect estimate of the flux of capital goods available for final use in a given time period.  Since this is
an estimate on the supply side it is not possible to determine the branches of destination automatically.
However, the portion of investment calculated with the commodity-flow method can be distinguished
into domestic production and imports of capital goods.

13. Therefore, we split the original distribution matrix into two different 152x101 matrices6:  one referred
only to the domestic production and the other only to the imports of capital goods.  Basically, we
determined two coefficient matrices, M1 and M2, where the mij element is the weight of investment
expenditures of the branch j, over the total produced by ATECO i.

14. The coefficients of the rows of M1 estimated with the commodity-flow method have been determined
exploiting the information gathered from the annual survey of industrial production.  In particular, we
used the PRODCOM, the Community Production Statistics, to calculate the relative weight of each
product over the total value of industrial production of the corresponding ATECO7.  Then we
identified, for each of these products, the branches that effectively buy that capital good.  This has been
done according to a detailed product analysis.  This identification was indeed the hardest task of the
whole work because it requires a deep knowledge of the production processes.  As a matter of fact, in
many cases it has been necessary to request qualified advise of sectorial experts.  The coefficients of
the rows of M1 are then obtained by a weighted average of the distribution coefficients by product.

15. The elements of M2 instead, are determined using the data recorded by the Ministry of Finance on the
expenditures made by Italian firms for foreign capital goods.  These data associated with the
percentage of distribution used in the commodity-flow method allows us to get two investment
matrices:  one referred only to the branches of trade and the other to the remaining ones.  However, the
investment data thus imputed to the branches of trade would not be consistent with the NA definitions.
In fact, only a small portion of capital goods is bought by these branches as a mean of investment.
Usually, they buy capital goods to sell them again.  Therefore we made a detailed analysis to identify

                                                     
5 Even if two ATECOs are estimated with the same method, the coverage of the survey could be different for each

of them;  this can affect the relative reliability of the estimates.

6 By convention, the expenditures for capital goods estimated with the method of purchase are included in the
domestic investment matrix. In fact, the distinction between domestic and import component is not relevant in this
case.

7 Each product is identified by the PRODCOM with a nine-digit number where the first five digits are the same as
the corresponding ATECO.
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the small percentage of capital goods which are effectively bought by the trade sector.  Then we
overlapped these two matrices to obtain M2.

16. To get the final matrix we multiplied each row of M1 by the domestic production of capital goods of
the corresponding ATECO and each row of M2 by the imports.  The two matrices, expressed in levels,
are then added to get the complete flow matrix, M3.

2.3 Estimates on the demand side

17. Another fundamental piece of information comes from the data on capital good expenditures gathered
directly from firms.  The firms answer to the survey (SAB) dividing the total expenditure into five
categories:  Machinery and equipment, Hardware, Transport equipment, Furniture and Construction.
Therefore, investment by branch of owner and by kind of product can also be determined from this
source.

18. However, the data on capital good expenditures recorded directly from firms are more affected by
statistical errors than the estimates on the supply side.  For this reason, the raw data have been checked
and adjusted following the BIP procedure described in Bracci, Jona-Lasinio and Puggioni (1998).
Basically, it is a quality control procedure which integrates a non-parametric analysis with an
accounting consistency analysis.  The procedure revealed extremely powerful to discriminate between
errors and outliers and in reducing the bias in the estimation of capital formation on the demand side.

19. In order to get a whole set of independent estimates on the demand side, since not all the branches are
covered by the SAB, we had to estimate the remaining ones with the method of purchase.  This method
has been deeply modified during the last NA revision, in particular for what concerns construction
investments8.

3. The balancing procedure

20. However, even if we corrected the raw data, the inequality between demand and supply side persists.
To obtain a consistent matrix, without wasting information on the demand side, we balanced M3 with
the Stone method.  Given that it must hold the equality between the demand for and the supply of the
five capital goods, we split M3 into 5 row blocks.

21. Denote each block with m3i (i=1,…,5), where i are the five capital goods, and let Ip = {Ipi} be an array
of 152 elements representing the investment by product and Io = {Ioi} a 5 by 101 matrix representing
the investment by owner.  In this notation M3 can be rewritten as:

M3={m3i},   (i=1,…,5)

Clearly m3i are ki by 101 matrices, where Σi ki = 152, Ipi are ki by 1 vectors and Ioi.are 1 by 101

vectors.

22. Then we balanced M3 subject to two binding constraints:

1) total by row of each m3i must be equal to the corresponding element of Ipi

                                                     
8 See Di Palma (1998) and Nusperli (1998).
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2) the total by column of m3i must be equal to the corresponding element of Ioi.

23. In other words, we constrained the sum of the expenditure of the 101 branches for the ith investment
good, to be equal to the amount produced by the ith ATECO and simultaneously we constrained the
total demand of capital goods of each branch to be equal to the estimated demand of the same branch.

24. The balancing of this system has been made by fixing the variances of each block.  More precisely, the
variances of Ip have been set to be zero given that the estimates on the supply side are binding for the
estimates on the demand side.  Notice that this assumption could be relaxed only in case of
simultaneous balancing.

25. The variance matrix relative to Io have been set equal to (1-����ZKHUH���LV�WKH�FRYHUDJH�LQGH[�PDWUL[
of the SAB survey determined as the ratio between the number of employees gathered from the SAB
and the number of units of labour calculated by the NA.  Since per-capita investments are grossed-up
using the units of labour, the more the latter are similar to the number of employees surveyed, the more
the information coming from the demand side is exploited.

26. The variance matrix relative to M3 has been set equal to (1-R), where R is a concentration ratio matrix.
We choose this index because it is inversely proportional to the size of the cells and it is directly
proportional to the level of dissimilarity between cells.  In fact, the weights of the cells of a row are
similar where there is not enough information to correctly identify the flow of investment.

4. Conclusion

27. In this paper we presented a new method for estimating gross capital formation by owner.  The method
presents important elements of innovation:  the identification of all the intersectorial flows between
branches and the simultaneous use of the whole information from the supply and demand side9. With
this respect it would be very interesting to quantify the effect on the final estimates of investments by
owner of this approach.

28. A shortcoming of this method is that the estimates of investments on the supply side are binding for the
estimates on the demand side.  Therefore, further research will be devoted to find a simultaneous and
consistent balancing method.  This could be done relaxing the hypothesis of zero variances of Ipi  so
that the estimates on the demand side could partly affect the estimates on the supply side;  and
calibrating the variances of Ioi in order to avoid that investments by product, for the effect of the
simultaneous balancing, would be not consistent with the past estimates.

29. Even without the simultaneous balancing, this approach revealed useful to correct persistent biases in
the supply estimates.  In fact, the NA general balancing procedure can reveal that investments are
systematically overestimated or underestimated.  But with this method it is possible to use the
information on the demand side to identify and correct these persistent biases in the estimates of
investments by product.

                                                     
9 The last flow-matrix is of the early 70’s.
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