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Constructing a Social Accounting Matrix for
Sardinia

Guido Ferrari*

Giorgio Garau
University of Sassari and CRENoS

Patrizio Lecca*

Abstract

Recently, the Social Accounting Matrix (SAM) has been resurrected as a policy
analysis tool and, in the last decade, attention has been paid to SAM multipliers, as
well as to the use of the SAM as a benchmark for computable general equilibrium
models. This paper constructs a SAM for the regional economy of Sardinia that can
be used for policy evaluation and impact analysis.

A mixture of approaches is used from simple compilation and decomposition
methods to procedures for matrix estimations and matrix balancing.

Keywords: Social Accounting Matrix, Input-Output, Doubly Constrained Minimum
Information (MI) Model, Cross Entropy, Regional Account System.
JEL Classification: C16, C67, EO1.

1. Introduction

This paper illustrates the mains steps used to build a Social Accounting
Matrix (SAM) for Sardinia for the year 2001. The starting point is the
Regional Input Output (RIO) Table for Sardinia built by IRPET1
covering the year 2001 (see Table Alin Appendix). Data from the
following sources were used to fill the sub-matrices of the SAM: System
of Regional Economic Account, SRA (ISTAT2, 2006), Disposal Income
Account (ISTAT, 2005), Italian Household Expenditure Survey (ISTAT,
2001) and the Survey on Household Income and Wealth (Bank of Italy,

*Respectively: Department of Statistics, University of Florence (ferrari@unifi.ds.it);
Department of Economics, University of Cagliari and Strathclyde Business
School.

1 Istituto Regionale per la Programmazione Economica della Toscana.

2 National Statistics Office (Istituto Nazionale di Statistica).



2002). However, these sources are insufficient to obtain a well detailed
SAM; a lack of data on the secondary distribution processes inhibits a
proper compilation of the sub matrix of transfers between institutions.
The latter is estimated by means of a doubly constrained minimum
information (MI) model (Plane, 1982 and Schneider and Zenios, 1989)
with the introduction of measurement errors. Furthermore, because of
the mixture of sources we have employed, the resulting SAM is
inconsistent, i.e., column totals differ from row totals. In addition, some
tigures of the RIO table are slightly different to those reported in the
SRA. We can identify at least two reasons for this: regional account data
published by ISTAT in 2004 may be slightly different from that
published in 2006 because ISTAT revises the series every two years;
secondly, there could be problems caused by an adjustment process used
to balance the RIO.

As a result, it is necessary to incorporate and reconcile the information
derived from different sources to produce a consistent and well-defined
SAM. To this end, the Cross-Entropy method (Robinson, Cattaneo and
El-Said, 2001) is used to readjust the data.

The rest of the paper is organized as follows. Section 2 describes the
structure of the SAM. Section 3 presents the main data sources, and
section 4 describes the adjustment operations carried out on the RIO
table so that it can be incorporated as part of the SAM. The analytical
SAM is then developed. In section 5 we focus on the allocation of
primary income to institutional sectors and the distributional transfers
amongst institutions. Section 6 explains how Households are separated
into 14 income groups whilst section 7 is dedicated to the balance of
payments. Finally, section 8 is devoted to the balancing method, and, in
the last section, concluding remarks are offered.

2. The structure of a regional SAM

The SAM is a system of national/regional accounts (ot even sub-regional
accounts) in a matrix format. It includes the inter-industry linkages
through transactions typically found in the 1O accounts and the
transactions and transfers of income between different types of
economic agents, such as Households, Government, Firms and external
institutional sectors (Rest of the World, ROW and the Rest of the
Country, ROC). It has the following characteristics:

e it should be a square matrix, in the sense that each account has
its own row and a corresponding column;



e for each account, the row total and the column total should be
equal.

The architecture of a stylized SAM is shown in Table 1. The first column
is the total supply of commodities, given by gross domestic output (cell
[1, 1], cell [2, 1] and [4, 1]), plus imports from the external sector? (cell [5,
1]). The first row is demand for commodities for intermediate
consumption in the production process (cell [1, 1]), for final
consumption by the households and government ([1, 3]), investment
(cell [1, 4]) and export (cell [1, 5]).

The second column reflects payments or distributions of factor
incomes: factor remuneration of capital and labour to domestic
institutions (cell [3, 2]) and foreign factor imports (cell [5, 2]). The
second row gives the net value added (cell [2, 1]) which reflects the value
newly created in the production process by the use of labour and capital
and the factor income from the external sector (cell [2, 5]).

The third column represents payments by institutions for commodity
consumption or transfers of income to other institutions. That is, the
total institutional expenditure in terms of final consumption (cell [1, 3]),
transfers between institutions (cell [3, 3]) and savings (cell [4, 3]). The
corresponding row represents receipts of income by institutions in terms
of factor payment (cell [3, 2]), transfers from domestic sectors (cell |3,
3]) and from abroad (cell [3, 5]).

The fourth row contains depreciation (cell [4, 1]), domestic savings (cell
[4, 3]) and foreign and interregional savings (cell [4, 5]), and the column
contains investment demand (cell [1, 4]) and government net debt (cell
13, 4)).

Finally, the external sector account (ROC/ROW) shows the imports of
commodities (cell [5, 1]), factor incomes to the external sector (cell [5, 2])
and transfers of firms and government (cell [5, 3]). The column contains
the export sales to ROC and ROW (cell [1, 5]), factor income transfers
from abroad (cell [2, 5]) and foreign and interregional savings (cell [4, 5]).

The SAM can also be seen as a general equilibrium framework where
equality between production column and the row confirms that demand
equals supply for all commodities; moreover the institutional row total is

3 As in this schematic representation of the SAM provided in table 1, the taxes
and fees are not reported, the domestic output is valued at factor cost whilst the
imports are valued free on board. Furthermore the external sector includes both
the Rest of the Country and the Rest of the World.



equal to the corresponding column total, showing that income is equal to
revenue so that all domestic agents have demands that satisfy their
budget constraints. Equality between ROC/ROW row and column
provide the current-account balance.

Table 1 - Stylized SAM

Production

Factors

Institutions

Accumulation

ROC/ROW

M
@

©)

S

®

Production Factors Institutions Accumulation  ROC/ROW
) @ ) ) ©)
Intermediate Consumption Investment Export to

inputs ROC/ROW
Factors Factor Income
Payment from ROC/
ROW
Income to Transfer Government net — Transfer from
institutional Debt ROC/ROW
sectors
Depreciation Institutional Foreign and
saving interregional
Saving
Tmports from  Factor Income Transfer
ROC/ROW to
ROC/ROW

3. Data Sources and dimension of the SAM

Several different sources of information are needed to construct the
SAM and the level of disaggregation is directly dependent on the data
available. The smaller the benchmark economic system, the greater the
difficult in finding data to fill up every single cell, resulting in an
inevitable reduction in the disaggregation level. Indeed, the regional
accounts released by ISTAT do not have the degree of detail needed for
building a well disaggregated regional SAM. The SRA, as set by ESA95
(which is the EU version of the 1993 SNA), is limited to:

1. regional industry aggregates on production activities:

gross value added;

compensation of employees;

employment;

employees;




e gross fixed capital formation.
2. gross domestic product per region (GDPR);
3. Regional Income accounts .

There have been some improvements to Regional Income accounts
between ESA70 and ESA95. There is now a detailed compilation of
Household Disposal Income, although the accounts are limited to:

1. the Allocation of Primary Income;
2. Secondary Income Distribution of Income.

Accordingly, the SRA does not contain detailed information about
interregional and international trade, or income distribution to
institutional sectors. As a result, the use of additional information is
necessatry. The other main sources can be summarized as follows:

e Regional Input Output Table, RIO

e Households Expenditure Survey

e Households Income Sutvey

e National or Consolidated Disposal Income account

e Financial Budget of the Autonomous Region of Satrdinia.

The RIO table (shown in Table Al in appendix) is composed of 30
sectors, three domestic institutions (Households, Firms and
Government) and two external institutions: Rest of Italy (ROI) and Rest
of the World (ROW). The RIO table also includes a column vector of
Financial Intermediary Services Indirectly Measured (FISIM) and a row
vector of Transfers of the Secondary Production. Using the economic
activities classification scheme presently used by ISTAT for the
classification of the regional account, the RIO table is aggregated to 23
sectors.

In order to obtain a more disaggregated SAM, including a classification
of Households split into 14 income groups, we use the 2001 Italian
Households Expenditure Survey (hereafter HES) and the 2001 Survey
on Household Income and Wealth (hereafter SHIW). Furthermore, to
identify receipts and payments between institutions, the Secondary
Income Distribution Account at regional level is required. However, as



we have seen above, this account is released by ISTAT only for
Households, so a regionalization of some entries of the Consolidated
(National) Disposal Income Account is necessaty in order to identify
total receipts and payments for each institution.

On the basis of the sources collected, the disaggregated structure of the
final SAM (RSAM) is presented in Table 2. Economic activities are
classified into 23 sectors, and value added at factor cost is shared
between labour income and operating surpluses. The latter is non-labour
value added of GDP at factor cost that includes rent, profit and other
capital income. Households are split into 14 income groups whilst
external relationships are divided into interregional (the Rest of Italy) and
international (the Rest of the World).

4. Adjusting the RIO Table.

The RIO table constitutes the basis of the RSAM. In this table we find
the intermediate inputs, the composition of the final demand, and
interregional and international trade. The first operations to be carried

out involved adjustment of the RIO table so that it can be included as
part of the RSAM:

1. Allocation of FISIM among user sectors
The treatment of secondary products

3. Consolidation of the Gross Investment (GI) and Inventory
change (IC).

4.1. Allocation of FISIM. ESA95 does not require FISIM to be allocated
between users because, in practice, there are uncertainties about how to
do this. In fact, the RIO Table ascribes the total value of FISIM to the
Monetary and Financial Intermediation sector. As this is inconsistent
with the SAM approach, the FISIM is allocated along the row entries of
the Monetary and Financial Intermediation sector according to the
following share, Sj defined as:

VA;’
V=Sl
Zj j



6L69ErL
6L69¢VL
£8°L619
98'6LS6Y
8ETEEY
06781LE
17'L860€
£6'68LYT
SYTo%81
IL°E6¥ST
L6Y6ETI
7C96T6

8¥°L619

6V 8ILE

(soma) sdnoiry woouy

E8'7L619
98'6L567
8€T8ELY
06781LE
1¥°L860¢
£6'68LYC
SYT6¢81
[L°¢6¥ST
16°7€01
709676
8¥'L619
6v'81LE

o e <
— o —

— e N T W O 0 N D e
— —

Surans/puousauy

podxgioduy
wodxgioduy

uoneuio] [ende)
PHOM 93 J0 159y

Ao 30 159y
uoLmynsuy ug0

(sdnos3 awoout 1) poyasnoy

SONIATIOR QOIAJOS J0Y)0)
SONIALOR YIOM [B100S PUE )[eOH UBWN]

uoreonpy

£)1noas [e100s £108nduo?) $99UdJap puB UOHRLSIUILIPE 1A
SR [BITUYIA ], PUB OIIUSIIG ‘[RUOISSJOIJ ‘SAIATIOR DeISa [eay
SONJIATJO® QOURINSU] PUE [RIOUBUI{

38e103g pue uonyelodsuel |

SR QIAS POOJ PUB UOHEPOWOIIY

$[0K210j0U PUE SA[OIYIA J0JOIA] JO JIeday {aper) [1e)ay pue d[esd[oyp
LIV

Ajddns 1oyem pue sen) “Knouea|g

Sunmoepnuew Jayjo pue spnpoid onseld Jaqqni poom Jo AImRINUBIY

JuduwdA0N) idmba yodsuen ¢ Juowdmba pue Kxduryoru € spnpoid [eando pue d1u0103]3 ‘1Indwod jo AmjoRjnUEH

SUONMISUT IPSIWO(

yodwy uo Xe) joanpuy

SOXE) J00TIPU] 1YJ0)

XeJ, pappe anjep

saxe],

uorjonpoid uo sarpsqng

snjding Suneradp

suonnquo)) [e100g s1akojdwyg
sore[eg pue safe g

pappe anjeA

juswdinba pue A1auryoew jdeaxa ‘snpoud [ejow pajedLiqe] Jo InjIeNUBI
sjonpoxd [eIQUIW JI[[EJOW-UOU JYJ0 JO AMIBJNTL]

Teonnaoeuieyd pue sjearayd ‘sjonpoid winejoxed paurjer ‘902 Jo AmOBJIUE)y
sfeuayewt Surjrerd pue mens Jo sajore jo amyoepnuew ¢ sponpoid saded pue saded Jo armyoejnuely
sjonpoxd paje[al pue Joyea] Jo AINJIBJUE

[eoredde Surieam pue S3[1)Xa) JO AINJIEINUBIN

000qe) pue safe10A0q ‘sjonpoid pooy jo aIoBJUEH

Suirreng) pue Surury

aimynoenbe pue Juryst

Juid3o] pue Ansa1oj ‘Sununy ‘armyjoousy

SAIAIIE AWOU0IY

WS 171 27 Jo aumomajs — ¢ QL1



where VA]].c stand for Value Added and the apex f means that we are
dealing with the value added at factor cost. Once FISIM is spread along
the Monetary and Financial Intermediation sector, the VAJ/-C is reduced by
the same amount in order to rebalance the RIO table.

4.2. Secondary production. Let V, be the vector of secondary production and
A the technical coefficients matrix. We can find the matrix of secondary
production flows S, as follows:

S=A-V

where the hat indicates the diagonal matrix. Now, we are able to
determine a new matrix, G, by the difference between the inter-industry
matrix M and S:

G=M-S
and we obtain the new technical coefficient matrix A*as:
A" =G-X1

where X7 is the diagonal matrix of total production. Now, we can re-
define the final demand Y in order to obtain a balanced RIO table:

Y = (1-A)X

where I is the identity matrix. With this approach, the vector of
secondary production has been allocated to the economic activities while
preserving the original total of production.

4.3. Consolidation of Gross fixed capital formation and Inventory change. Gross
capital formation, GFK, is measured by the total value of the gross fixed
capital formation, GFKF, and changes in inventories, IC. In the RIO
table, the capital formation account contains both GFKF and IC but
does not provide the whole measure of GFK. So we need to consolidate
the GFKF and IC vectors in order to have a measure of GKF. The new
vector of consolidated investment is GKF=GFKF+IC. As the IC vector
contains some negative values, a single element of GKF could be less
than zero. In this case, the single elements of GFK take the value zero
and, to re-balance the RIO, Household consumption is reduced.



5. From the RIO to the RSAM
The aim so far has been to make the data supplied by the RIO table
consistent with that in the RSAM. In this section we focus on the
construction of the SAM for Sardinia, based on the adjusted RIO and
focusing on the sub-matrices that mainly differentiate the SAM from an
Input-Output, that is:

e The primary income formation

e The allocation of primary income to institutional sectors

e The transfer among institutions

Essentially, we are introducing the distributional process of income. 10
focuses on production and it is therefore inadequate for capturing the
complexity of the interrelations between production, on the one hand,
and consumption and distribution on the other.

5.1. Primary income formation: valne added decomposition. Most of the
information we need is already supplied by the RIO table which provides
total value added at factor cost, indirect taxes on production, value added
tax (VAT) and subsidies on product distributed amongst sectors. As
noted above, some aggregates of the RIO table do not match the figures
reported in the SRA. In fact, VA at factor cost (both its total amount and
its distribution among sectors) is slightly different from that in the SRA,
and so the total amount of indirect net taxes* also differs. Therefore, the
following operations will be based on VA supplied by the SRA and
inconsistency with indirect net taxes is solved in section 8 by imposing a
control aggregate variable in the CE model.

VA at factor cost is split into its principal components: Labour Income
(LI), or compensation of employees, and Gross Operating Surplus
(GOS). LI is shared between Wages and Salaries (W&S) and Employers’
Social Contributions (ESC). W&S also includes the value of any social
contributions and income taxes payable by the employees®. The SRA
give us the W&S and ESC amongst sectors and the total amount of the
GOS (not spread by sectors). As a result we can easily obtain the GOS
for each sector as a residual. Unfortunately, at this stage we are not able

4 We cannot compare the distribution of indirect taxes amongst sectors because
the SRA only lists totals.

5 Unfortunately we do not have enough information to separate ESC into
Employers’ Actual Social Contribution and Employers’ Imputed Social
Contribution.



to distinguish between gross and net VA, due to a lack of data on the
consumption of fixed capital at regional level.

5.2. The allocation of Primary Income to institutional sectors. The only
information we have from ISTAT is the Household Disposal Income
account; from this we get the information for Households concerning
W&S (8277.3), ESC (2826.2) and GOS (9375.7) which give a total
primary income of 20479.2. SRA provides total GOS (13239.18) which
must be allocated between Firms and Government (equal to 3863.48 =
13239.18 - 9375.7). This figure is split according to the shares obtained
by GOS in the National Primary Income Distribution Account, available
in the National Disposal Income account. That is: 0.04% for
Government and 0.96 for Firms.

Table 3. - Allocation of primary income
W&S ESC GOS
Households ~ 8277.30  2826.20  9375.7

Firms - - 3708.94
Government - - 154.53
Total 8277.30  2826.20 13239.18

5.3. Transfers among lnstitutions. The compilation of the sub-matrix of
transfers (see Table 4) requires information about receipts and payments
of current transfers between institutions. This data may be found in the
Secondary Income Distribution (SID) account. However, it is only
available for Households so we proceed as follows: first we obtain a
macro regional SID account to determine total receipts and total
payments for each institution, then, with a non linear optimization
model, all the cells T; ; as represented in Table 4 are estimated.

The regional Households SID account, reported in Table 5, gives total
Household receipts Ty g and total Households payments Ty p that
amounts to 5956.3 and 6920.5 (in millions of euros) respectively. In fact,
total resources, less BPI (Balance of Primary Income) give total receipts,
whilst total uses less Gross Disposal Income gives the total payments. As
for total receipts, Households receive a total amount of 5541 given by
SB (5493) and OTC (48 = 381.30-330.30) from Government, and 333
for OCT and 82 for SC (46) and SB (36) from Firms. Total household

10



payment is given by the payments for CT (2710), SC (3784), SB (36) and
OCT (391).

Table 4. — Transfer matrix

Households Firms Government ROW Total
receipts

Households THH TH,F TH,G TH,ROW TH,I
Firms Tpy T Tr g Tp row Tru
Government Ten Te r T T row Tem
ROW Trow Trow F Trow,c Trow,row Trow,m
Total TI,H TI,F TI,G TI,ROW Tl,l
payments

Now we need to get some regional values concerning the BPI, Gross
Regional Disposal Income (GRDI), total resources and total uses for the
total regional economy as well as for non-Households institutions:
Firms, Government and Rest of the Italy/Wotld (ROI/W).

The values of BPI for each institution are found in section 5.3; other
information is found by regionalizing some entries of the National SID
account. Specifically, the total Sardinian sources is a share of the national
one found proportionally to the ratio of regional to national gross
domestic product. Then the result is distributed amongst non-
Household institutions in proportion to the distribution of shares found
in the National SID. GRDI is determined by maintaining the ratio
between Gross National Disposal Income (GNDI) and BPI as in the
National SID, where the GNDI is less than the primary income (BPI),
indicating an appropriation of the primary income operated by the
secondary distribution process.

Now it would be quite easy to obtain the total uses. Since the ROI/W
can be the only unbalanced institution, its value has been obtained as a
residual in order to get total receipts equal to total payments. The

11



resulting Macro SID accounts for Sardinia, along with the receipts and

payments are reported in table 6.

Table 5 — Secondary Income Distribution acconnt for Housebolds (millions of enro)

Balance of primary income

Current taxes on income, wealth, etc. (CT)
.Current taxes on income

.Other current taxes

Social contributions (SC)

.. Actual social contributions

... Actual social contribution (employer)

... Actual social contribution (employee)

... Actual social contribution (self-employed and unemployed)

.. Imputed social contribution
Social benefit (SB)

Other current transfer (OCT)

.. From Government

.. From other institutions

. Net non-life insurance premiums
. Non-life insurance claims

. Current transfer within general Government
. International current aid

.. From EU

. Miscellaneous current transfer

.. From Government

.. From other institutions

... 4° resource based on GDP
Gross disposal income

Total

Resource
20479,20
0,00
0,00
0,00
46,00
34,00
34,00
0,00
0,00
12,00
5529,00
381,30
0,00
333,30
0,00
231,00
0,00
0,00
0,00
150,30
0,00
0,00
0,00

26435,50

Uses
2710,00
0,00
0,00
3784,00
3535,00
2537,00
648,00
350,00
249,00
36,00
390,50
0,00
344,50
190,00
0,00
0,00
0,00
200,50
0,00
0,00
0,00
19515,00
26435,50

Source: ISTAT, 2005

12



Table 6. — Sardinian Macro SID Account and Total Receipts and Payments

Total
Sardinia Households Firms Government ROI/W
Balance of Primary Income (BPI)  27187,98  20479,20 3708,94  2999,84 0,00
Total sources (IS) 44403,55  26435,50 437305  13194,31 400,68
Gross Regional Disposal Income
(GRDI) 27071,32  19515,00 2263,73  5292,59 0,00
Total Using (TU) 44286,89  26435,50 437305  13194,31 284,02
Tun Thu Trm Tom Trow.u
Receipts (TS-BPI) 17215,57  5956,30 664,11 10194,47 400,68
Tun Tun Tar Tac Tw row
Payments (TU-GRDI) 17215,57  6920,50 2109,32  7901,73 284,02

With total receipts and payments available for each institution, we are
able to estimate the transfer matrix by means of a Doubly Constrained
Minimum Information (MI) model (Schneider and Zenios, 1990). Let T
denote total payment or receipts (which correspond to Ty g in Table 4)
and for each I = H, I, G, ROI/W, let R =[ Ty u, Tr,m> Tc.m> TrRow m]
and Pi=[Tgpy, Tar, Twg, Twrowl| be respectively the receipts and
payments for institutions I. Considering t;; the model estimated
probabilities that any institution receive from | and pay to I where I = |
and some prior probabilities £; ;, the model can be formalized as follow:

t
min Z z tr; [ln (EI_]> - 1]
] 2
subject to

P R;
Q=T )t
I J

As we do not have a previous transfer matrix for Sardinia, the prior
probabilities f; jare derived from the Italian transfer matrix built by
IRPET for the year 1998. Since the vectors R; and P; are derived from
the regionalization process described above, they may contain some
measurement error. Therefore the MI model can be written in the
following way:

13
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P,R —P,R . . .
where wy " and Wy ;" are respectively the model estimated weights of
the error ¢ and their prior distribution.

The constraint equations are the following:

Zt _(P:+e{’)lzt _(Rtef). @

=T 1 T

1 ]

T=ZP,+e,P=ZR]+e]R (3)
1 ]

el = wah vp; ef = wah vR 4)
0 0

wah=1andZth=1; 5)

Introduction of the error terms in this MI model follows Robinson,
Cattaneo and El Said (2001) which introduced error terms in a CE model
in order to balance a macro SAM for Mozambique.

In the formulation of the problem specified above [(1), (2), (3) ,(4), (5)]
two noise variables are identified: e} and e]R. The former is related to P
while the latter is associated to R. So, unlike the previous MI model,
receipts and payments contain some possible measurement errors that
matter for the estimated probabilities t;; as can be seen in equation (2).
Furthermore such errors are reproduced in the total receipts (or
payments) T as in equation (3). The error terms are seen as a weighted
average of a constant term » as in equation (4), where the weights » must
respect the constraints specified in (5), as is usual in this kind of
formulation. The set 4 defines the dimension of the support set for the
error distribution and the number of weights that must be estimated for
each error. The prior variance of the error term can be specified
as 0% = Y W, Dp , whilst we define a domain for the support set of

14



+ 3 standard errors (see Golan, Judge, and Miller, 1996 and Robinson,
Cattaneo and El-Said, 2001).

Thus the transfer matrix is derived by minimizing equation (1) subject
to the constraints equation (2), (3), (4) and (5). The resulting matrix is
presented in table 7.

Table 7. — Transfers among Institutions

Total
Households Firms Government ROW receipts
Houscholds 164,57 1577,69 4012,70 201,33 5956,29
Firms 175,40 117,49 337,86 33,46 664,21
Government 6463,07 356,60 3323,21 49,23 10192,11
ROW 117,45 58,04 22522 0,00 400,71
Total
payments 6920,49 2109,82 7898,99 284,02 17213,34

6. Splitting Households in 14 income groups.

In this section, Households are split into 14 income groups (see table 2).
Not only are the vectors of income and consumption split, but also
payments and receipts for every single household group. The
disageregation is achieved by means of information contained in HES
and in SHIW. HES is primarily a survey of household expenditure on
goods and services. It collects detailed information on expenditures and
on the characteristics of a sample of households resident throughout
Italy and classifies them into 14 income groups. SHIW mainly gathers
data on the incomes and savings of Italian households, plus some other
aspects of households’ economic and financial behaviour. In both
surveys we can identify the Sardinian sample.

6.1. Households income. The total income earned by households, (YIH ), and
its components given by labour income (Y}), capital income (Y#) and

transfers (Y£') from the other institutions (determined in the previous
sections 5.2 and 5.3) are split in 14 income groups through a system of
weights Wy ; obtained from SHIW. Also from SHIW, we find the

average labour income, Y,f}L, the average capital income, Y,{?K, and the

average transfer income, Yh‘?T, for each group. Given Ny the number of
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houscholds for each group 4 (from HES), the total average income,
YhT_ otal s determined as follows:

Y;Z:;)tal = Yf{}l - Ny, where I =K T

Now, we can find a system of weights W}, ; such that the income for 4
Households and for the I category is given by:

* _ yH
Yo =YWy,

where

Total
Yh1

h,I — Yh Y}z";)tal

6.3. Housebold consumption. In order to split Household consumption into
14 income groups, we first construct a share h X s matrix G, obtained
tfrom HES, where 4 is the 14 income groups, and s the 12 categories of
expenditure. Now, using the Household total consumption for
expenditure category supplied by SRA, g, we can find a h Xs
matrix C = [cp g] as follows:

C=G-§

The next step is to translate € into a matrix with 14 houschold and 23
sectors. To this end, we use the bridge coefficients i X § matrix,
B = [bi,s], that allow us to convert an expenditure category
configuration s (as in C) to a sector configuration 7 So the matrix H of
Household consumption i X h is obtained as follows (see Table 8):

H=Bx(C
The Sardinian bridge coefficient matrix B is derived from a doubly
constrained minimum information (MI) model as explained for
estimating the transfer matrix. However, at this time, we are not

¢ As SHIW does not contain sufficient data to split the transfer of Household
from Government, Firms, External Institutions and the same Households, the
same weight, Wy, is applied in this case. Moreover the transfers of income
between 4, are considered to be made within the same group of Households.

16



considering errors terms. The prior information is given by the Italian
bridge matrix for the year 19927, whereas the vector of household
consumption for 23 sectors is contained in the RIO table. In Table A2 in
the Appendix we report the Sardinia Bridge flow matrix.

6.4. Transfer of Households to other institutions. Previously, we have dealt with
the transfers of income received by households as payment from other
institutions. Now we turn to payments made by the /4 households to
other institutions. The vector of Households’ payments reported in
Table 6 (175 to Firms, 6494 to Government and 117 to ROW) must be
spread between / groups. The main difficulty is due to the fact that
SHIW does not specify any variables relating to the transfer of income
from households to other institutions. Thus we have made the
assumption that each 4 Household transfers part of its income
proportionally to its total income.

7. Sector Financial Balance

The sectoral financial balance requires that: (S—1)+ (T —G) =E —
M — TR, where the private sector portfolio (saving, S, less investment, I)
plus the government deficit/surplus (total resources, T, less expenditure,
G) equals the current account imbalance (export, E, less import, M, less
net transfer, TR).

Households’ and Firms’ savings are calculated as balanced items: total
income less expenditure. The Government deficit is obtained from the
2001 Financial Budget of the Region of Sardinia (Consiglio Regionale
della Sardegna XIII Legislatura, 2001). The capital inflow/outflow to and
from the ROI and the ROW is determined by imputing the trade deficit
(M-E) as capital inflows: 1719 for ROI and 2788 for ROW.

7 The Italian bridge matrix built by ISTAT for the year 1992 links 57
expenditure categories to 110 sector. It is aggregated in order to reduce the
number of categories to 12 and sectors to 23.
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We know from the SRA that the total net import (both ROI and
ROW) for the year 2001 is positive and equal to 4809.3, slightly greater
than the one obtained as a residual, namely 4507 = 1719+2788. At this
stage we are not able to re-determine the new level of current account
balance, but it will be sorted out in the next section where the adjusting
and balancing problems are treated.

8. New information and balancing

Operations carried out thus far use a mixture of different sources which,
in some cases, are not linked to each other. For instance, HES has been
carried out independently of SHIW, furthermore, in the RIO table some
macro-variables, such as GDP and total households consumptions, ate
not consistent with the data reported in SRA. Therefore, the unbalanced
SAM reported in the appendix is adjusted using the Cross-Entropy
model (Robinson, Cattaneo and El-Said, 20018). Looking at the
unbalanced SAM, we can see that the main discrepancies occur in
sectoral production and in the sector financial balance.

8.1. The CE model. The unbalanced SAM t;;, provides the prior
distribution @;; and data on column sum x; that we hypothesis to be

measured with error. Then, according to Robinson, Cattaneo and El-Said
(2001) the CE problem can be formalized as an equations system with
variables measured with noises:

Yi =% +eg (6)

where y; is the sum in row and ¢; is the errors terms. We know also that:

Z a;j Xj =Yj (7)

i

8 The CE model derives from the information theory developed by Shannon
(1948) and from Theil’s work (1967) which transposed Shannon’s approach into
economic problems. For more detail about the CE approach see Robinson,
Cattaneo and El-Said (2000). They used a CE approach to estimate a consistent
Macro-SAM for Mozambique, starting from inconsistent data estimated with
errof.
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and Zai_j =1with 0<aq;; <1 8
;

The error term ej can be also seen as a weighted average of known
constants v :

Z Win Vp = € €C)]
7

where W;  is an /-dimensional vector of weights treated as probability to
be estimated. It means that w; j, has to satisfy the following constraints:

Z wip=1land 0 <w;, < 1; (10)
h

the constant vy, is the support set for the error and is always selected to
produce a symmetrical distribution around zero.

Now we can define a model in which the optimization problem is to
find a set of A’s and W’s that minimize the following cross entropy
equation:

HAW;AW) = ZZ a;jIn <Z_;j>‘ + [ZZ wip In <:_V/;:>] (11D
T b T n b

subject to equations (6), (7), (8), (9) and (10).

In equation (11), @; ; and Wy are the prior probabilities, whereas a;
and w;y are treated as probabilities to be estimated (posterior
distribution). The object is to minimize the joint entropy distance H in

order to get the matrix A and W close to their priors 4 and W . Tt is
worth remembering that in this CE model specification, we are assuming
an error term in a variable (the error term is attached to the variable x;)
and not in an equation. In other words, the error in this model is due to
the hypothesis that the sum in column X; has been measured with noise
rather than assuming a model that includes random noise through an

error term in its equations (for an application see Golan and Vogel,
2000).
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Considering £ aggregate constraints and an n-by-n aggregator matrix G,
we can include in the constraints set some information about the new
SAM. We can write:

zzgfj ti; = Y~ (12)
iJ

where t;; is the SAM transaction matrix and yk is the value of the
aggregate constraints, that is, the new information we are adding to the
CE. The aggregate macro data introduced in the model via equation (7)
does not preserve the same values as those of the initial SAM
(unbalanced). Basically we introduce new constraints into the model in
order to adjust the figures to be consistent with the regional account
data. This means that the explicit application of the CE approach on the
Sardinia SAM is not only used as a simple balancing method, but is also
an adjustment procedure to incorporate new information in order to
produce a well defined scheme of data as close as possible to the official
data.

The set of additional restrictions that constrain some sub-matrices of
the SAM are reported in the table below. On the production side, the
total GDP at factor cost and valued at market price, is constrained to the
figures reported in SRA. On the demand side the total Household
consumption, government consumption and investment demand are also
restricted. The overall trade deficit (interregional and international) is
constraint to the net import entry reported in SRA.

Table 9 - Macro Variable constraints

Value added at factor cost 24342.68
Net Indirect Taxes 320491
Gross regional product (market price) 27547.59
Household Consumption 18200.2
Government consumption 7662.10
Investment Demand 6403.50
Overall trade deficit 4809.28

In developing the CE model specified above, it is assumed that totals in
the rows and columns, and the macro aggregates are inexact due to
measurement errors. The error term in equation (4) is a weighted sum of
a constant » where the set 4 defines the dimension of the support set for
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the error distribution and the number of weights that must be estimated
for each error. As in Golan, Judge, and Miller (1996) and Robinson,

Cattaneo and El-Said (2001), given the prior variance on the error term

a?=3, Win 72 we define a domain for the support set of [1[13

standard errors. By considering variance, skewness, and kurtosis the
moments of the error distribution, in order to get a symmetric
distribution around zero, both the vector of the prior weight and the
vector of the support set should contains 5 elements (see, Golan, Judge,
and Miller, 1996 and Robinson, Cattaneo and El-Said, 2001).

Once the prior distribution is determined, the CE is solved by
minimizing equation (11) subject to equations (6), (7), (8), (9) and (10).
The optimization problem yields the following posterior distributions:

@ = ﬁi_]- eXp(lly])
Yy a;j eXp(/liJ’j)
and
Wy exp (4v)
Win =

Zi,h Wi n €Xp Aivn)

where A; is the Lagrange multiplier and the denominator in both
equations is a normalization factor (see Golan, Judge, and Miller, 1996
and Robinson, Cattaneo and El-Said, 2001).

9. Concluding remarks

An increasing number of countries have found the SAM framework
useful for designing socio-economic policy. However there is still some
resistance to the use of this useful integrated data framework at regional
level.

This paper has detailed a process for constructing the SAM for Sardinia.
We have combined different sources, including country specific features,
describing how the different data might be integrated and adjusted. We
faced a number of snags in the compilation of some specific sub-
matrices since the actual system of regional accounts is still inadequate,
especially the regional income accounts. We have endeavoured to
produce a satisfactory solution for this which, however, is still not
enough. Obviously, there is opportunity for improvement and further
developments are needed.
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