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1 Introduction

A National Accounting Matrix (NAM) is a square matrix whose rows and columns represent the
resources and uses of separate economic accounts which together summarize the basic flows within
the different groups of transactors or categories of transactions in an economy. The incomings
(rows) and outgoings (columns) are necessarily equilibrated following standard economic
accounting standards, therefore the sum of columns and rows for each account must be the same.
This matrix presents an accounting system that provides information about aspects of an economy
like the structure, composition and level of production, the value added generated by the factors of
production and the distribution of income among different groups of households. Normally, a NAM
is constructed using an Input-Output Table as starting point and includes figures about
consumption, the structure of production, and the flows related to foreign trade, savings and
investment.

The updating of a NAM consists of determining the NAM corresponding to period t=T starting
from a known NAM, which corresponds to moment t=0, and from certain available information
about the NAM in moment t=T. It is a question of finding a NAM X' whose structure is, in a
certain sense, as close as possible to the structure of the NAM in moment t=0, X°. Normally this
structure is defined in terms of the row (horizontal) coefficients and the column (vertical)
coefficients, assuming that if element Xoij of the initial matrix is null then the corresponding element
x";; of the final matrix is also null. If X=(x;))i <ij < is a NAM and S™={(i,j) : x;; #0}, then the
matrix of row coefficients, A = (ajj)1 <ij <n, and that of column coefficients, B = (bjj)i < ij <n, can be
defined as
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We consider that the adjustment objective consists of determining a NAM X' such that the ratios
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distinguishing between two types of adjustment, the horizontal and the vertical one, depending on
wether we approximate the ratios of horizontal or vertical coefficients to unity. The definition of the
concept of proximity determines the updating criterium. Assuming that all elements in the matrices
are non-negative, for horizontal coefficients, the criteria used in this paper are defined as follows

(for the vertical updating, the horizontal coefficients are replaced by the vertical ones):
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where w; and w; are positive weights.
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e Criterion MSCE: Minimum sum of cross entropies
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Where yi= 2 X and y=2; yi . Therefore v; is the sum of the elements of row i, which is equal to
the sum of the elements of column i, and v is the sum of all the elements of matrix X’.



The updating problem is formulated as an optimization problem where the objective function is one
of the previously mentioned and the restrictions are determined by the column and row totals, which
are supposed to be known, in addition to other given values.

The vertical criterium F; has been used by Matuszewski, Pitts and Sawyer (1964). Criterium F4
corresponds to the well known RAS algorithm and Fs is based on an entropy measure which has
been used by Golan, Judge and Robinson (1994), and Robinson, Cattaneo and El-Said(2000),
among others. Criteria F4 and Fs are particular cases of the updating criterion of the minimization of
the sum of weighted crossed entropies (McDougall, 1999). In contrast to Criterion F4 and Fs, Fg is a
distance in the mathematical sense. Measures F; to Fs have been used by Manrique de Lara and
Santos-Penate (2004).

The basic updating problem is formulated as follows:

min F(A)
subject to:
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where y; are given, F is one of the criterion defined previously and a; = £ Vv, j)eS.

More general formulations include other constraints in addition to the balance restrictions. On the
other hand, certain situations require some particular treatment; for example, if the structure of the
accounting matrices varies in time, which means that the index set with positive values is not
constant.

In this paper, we apply the previous criteria to update a series of NAM for the Spanish Economy. In
order to evaluate the results of the updating procedure and compare the criteria used, we calculated
the dissimilarities between the initial and final matrices using the measures defined in the appendix
1. The results provided by the updating procedure can be used to classify the results obtained using
the different NAMs available for different periods. The rest of the paper is organized as follows. In
Section 2, we present some computational experience and Section 3 includes some concluding
remarks. The appendix1 contains the measures used to calculate the dissimilarity between the initial
matrix and the final matrix.



2. Computational experience

In this research we have prepared the National Accounting Matrices (NAM) of the Spanish
Economy for the years 1995 to 2003 using the data published by the National Statistics Office
(INE). This experiment consisted in updating the Spanish NAMs of each year using the previously
existing matrices as benchmark reference.

We use the criteria described in Section 1 to update a NAM for each of the mentioned years except
for the first year of the series (1995). Obviously the more recent the NAM the more initial matrices
could be used to estimate the NAM. In total we had to generate 36 updated matrices. In order to
maintain a coherent and simple updating structure, we introduced in the optimization program only
those values that where positive in both versions simultaneously. The rest of the values where fixed
to the observed values beforehand. We implemented the different updating approaches in GAMS
and use Matlab to calculate the dissimilarity measures between pairs of matrices. For the updating
process of each year t, being t greater than 1, we have (t-1) initial NAMs which we used to generate
(t-1) new matrices for year t for each of the six updating procedures corresponding to the six
different updating criterion.

Appendix2 contains the different results obtained by year. For each of the 36 estimated matrices, we
show 23 distance measures for each of the 6 adjustment methods considered.

3. Concluding remarks

In this paper, we have applied six updating criteria to analyze 36 pairs of initial and final matrices
for the Spanish economy. We have modified the basic updating problem formulation in order to
obtain solutions in cases where the structure of the NAM changes in time. Once we have obtained
the estimated final matrices for any year, a comparison between any pair of matrices, initial, final
and final estimated, is possible. We can compare the updating criteria and the importance of the
number of years elapsed between the estimated matrix and the one used as initial reference of the
updating procedure.

The first step in the future research will be focused to a deeper analysis of the data, the updating
criteria and results. Other subjects are the definition of macroeconomic behaviours by means of
cluster analysis, the treatment of different scenarios defined by the set of data we know, and the
structural analysis.
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Appendixl

The following measures are defined for horizontal coefficients. The definitions for vertical
coefficients are similar. Additionally, we calculated the correlation coefficient. As in the previous

sections, the notation S*° represents the set of indices (i, j) such that a; # 0.

e Metrics L, absolute and relative:

L(AT, A= >

(i,j)es™

T 0
a —

;
i

0
ij

LIR(AT’ AO) = Z

(i,j)es™




e Metrics L,, absolute and relative:

LA A= 3 () -a))

(i,))es

Lr(AT,AY) = > [a—‘o—1]

(i, pes | &

e Metrics L, absolute and relative:

L (A",A’)=max[al —a’
Qjest ™ Y
T
Lr(A",A’) = max |——
(i.hes™ | g

e Theils measure:

> (a-a)
T(AT, A% = [LD

> (a))

(i.j)es

e Weighted absolute difference (WAD), absolute and relative:
> [a] +aj[aj —aj
WAD(AT, A") = 2
)y ‘aij +a

(i,j)eS

2

WAD, (AT, A%) = {10

For the following definitions, we will assume that all matrix elements are equal or greater than cero.
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e Sum of cross entropies (SCE):
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e Kullback measure:
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Where yi= 2 xij and y=2; v; . Therefore v; is the sum of the elements of row i, which is equal to
the sum of the elements of column i, and v is the sum of all the elements of matrix X’.
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.04861
.04861
.02798
.08213
.03151
.03258
.05311
.05311
.04910
.08213
.01295
.00935
.00830
.00830
.01108
.08213
.01329
.01985
.01465
.01465
.02315
.07598
.01300
.01061
.00791
.00791
.01146

OO0 O0OO0OH OO0OO0OOOOO0OO0O0O0O0O0OOREFOOOOOOR OO0OoORRRPRERERRPRRERRRPPERE P

.26443
.50718
.38548
.20262
.20262
.17845
.40871
.62295
.49886
.15663
.15663
.14387
.13921
.26641
.24684
.88721
.88721
.86477
.32605
.74386
.90307
.53252
.53252
.51340
.66631
.1319¢6
.12935
.94294
.94294
.93140
.66631
.56116
.58976
.45873
.45873
.45880
.66631
.53577
.60982
.61042
.61042
.60576
.06521
.63887
.68870
.58892
.58892
.58974



