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Abstract

The increasing relevance of wine sector on the productive structure
requires additional economic considerations on the economic and so-
cial impacts of the national and regional policies. Our work tries to an-
alyze such policy impacts, by means of a multisectoral approach, in or-
der to identify the strength of the links of the wine activity with all the
other economic activities. Since wine is forwarded for a greater share
to final demand, it is possible to determine the impacts of changes of
demand in such activity on the whole economic system. Our analysis
requires both the construction of an Input-Output table where wine is
conveniently allocated, and its further extension in a context of Social
Accounting Matrix, in order to evaluate the effects on the productive
structure, of shocks, on primary and secondary distribution of income.
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1 Introduction

In last five years the production process of wine in Italy has under-
gone major changes. Though a lot of producers have remained small,
output is obtained and marketed in a way much similar to manufactur-
ing products. The Italian Statistical Office (ISTAT) in its last report
gives the distribution shares of wine producers: only a 40-45 per cent
is given by farmer.

Wine output is usually treated in agricultural economics and con-
sidered agricultural product. A high share of wine output is allocated
to final demand. The role of wine within agricultural output has be-
come increasingly relevant for its function of leading activity it has
assumed in recent decades. This role is confirmed by recent trends in
wine exports whose share on agriculture export has relevantly grown.

Inside the European Union Italian wine is present with about 322
wine Doc, 21 Docg and 113 Itg. The PAC (Communitarian Agrarian
Policies) will have to assume an increasing relevance on the growth of
this activity given that EU continues to increase the degree of opened-
ness towards other European and extra-European countries. Subsidies
can be assigned on the basis of either total output or value added and
the results can be significantly different.

The analysis of the PAC for wine requires a clear picture of the
inter industry relations at a high level of the detail. Moreover, if the
Pac, affects income generation through direct transfer to producers
incomes or subsides to investment, it is important to state formally
the relationships between income by institutional sectors and output
by industries.

In our analysis we attempt to model these links with the objective
to give a picture of wine activities in national accounts. Hence we
will need to build a multi sectoral and multi industry and a Social
Accounting Matrix to provide a consistent data base to it.

In section 2 we note how recent developments in national account-
ing make implicit reference to an extended income output circular
flow which integrates output implentation and income distribution.
We show how, within this framework, we derived the loop disposable
income/total output. In section 3 an explicit reference is made to the
problem of isolating two wine sectors within a regional Input-Output
table integrating data from different accounting sources. In section
4 a new method of impact analysis is presented that rests on consis-
tent definition of macro multipliers. The proposed method combines
spectral analysis with correlation analysis and produces a ranking of
sectors and industries. Such ranking shows how the multipliers ”rul-
ing” the results perceive the change in each sector income and how
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The multisectorial approach

industry outputs are affected by the set multipliers activated. A fur-
ther cross correlation scrutiny of data gives the measure of relevance
of how each industry output change has been affected by each change
in sector income. The method has been applied with special reference
to the special role of wine among industrial and sectoral interactions.

2 The multisectorial approach

Recent development in National Accounting have realized a substan-
tial progress in the accounting system that integrates the keynesian
income-expenditure model with the leontievian total output-intermediate
consumption framework. In this way the emerging accounting scheme
makes reference to an enlarged income circular flow. Final demands
generate outputs and value added at industry level, which is dis-
tributed to factors and, through these, to institutional sectors in order
to obtain, after taxation, disposable income by institutional sectors.
These sectors will determine personal consumption expenditure and
investment which will constitute final demand by industry.1. The
complete model (Ciaschini,M. and Socci,C. 2002 [5]) allows for the
reconstruction of the income loop from the output side to the income
distribution side. In this paper we perform a partial analysis of the
income circular flow concentrating only on the links between sectoral
disposable incomes/ final demand and final demand /total output.

The direct and indirect output requirements for the final demand
vector f is easily written in terms of the inverse

x = [I−A]−1 · f (1)

where A is the coefficients matrix usually determinate. As M · x̂−1

and x̂ is the diagonal matrix of total output.
The final demand formation (by IO sectors)

f = [F0 + K] · y + f0 (2)

where F0 provides the consumption demand structure by industry and
is given by the product of two matrices, F0 = F1 ·C, where F1 [13,7]
transforms the consumption expenditure by institutional sector into
consumption by IO sectors and C [7,7] represents the consumption
propensities by institutional sector.2 K represents the investment de-
mand and is given by K = K1 · s · (I−C) where K1 [13,7] represents
the investment demands to Input-Output sectors and s is a scalar that

1In the intersectoral table used for empirical analysis the producing activities are given
by the branches of homogeneous production.

2To see the appendix for the Input-Output and Institutional Sector
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The wine flows in National Accounts

represents the share of private savings which is transformed into in-
vestment i.e. ”active savings”; vector y represents disposable income
of the institutional sectors and in our application will be considered as
exogenous. f0 is a vector of 13 elements which represents exogenous
demand.3 Combining equation 1 and 2 we get

x = (I−A)−1 · (F0 + K) · y (3)

The implementation of the model requires an accounting table
where the wine branch is explicitly reconstructed.

3 The wine flows in National Accounts

The determination of the various wine categories within national ac-
counts is tied to the new denominations NACE REV.1 (SEC95 1995,[7]).
The aggregation is based on the following criteria: the origin of grapes
utilized for production, the type of wine produced and its uses. The
wine output is distributed among the following branches:
01.13.1 Vine growing and wine-vine firms
-vine growing for wine grapes and eating grapes
-wine output from own production
01.13.5 Mixed wine-vine cultivations
-wine output from non-own production
15.93. wine output (from non-own production)
this class subdivided into two categories, includes:
-15.93.1 Wine Making (special wines excluded)
-wine output: table wine, v.q.p.r.d.wine (quality wines produced in
predetermined regions); wine production from concentrated grape must;
-15.93.2 Special Wine Making -this class does not include:
wine production associated with vine growing (01.13)
wine bottling and packaging, with no transformation, 51.17 and 74.82

The adoption of this classification allows for the isolation of these
branches within the Input-Output that refer exclusively to wine.4 We
will need to construct a set of rows and columns for white and red
wine. In order to obtain an intersectoral table with an explicit wine
sector it is necessary to break down the intermediate flows used in the
various wine productions. In order to calculate the branches output,
according the NACE.REV.1 classification, we need to refer to spe-
cific evaluations of wine output from own vines (agricultural firms).
The availability of administrative MIPA (Minister of Agriculture and

3In application we assume F 0 = 0 in this application.
4The branch can be constructed on the basis of the available information, and further

disaggregated according various wine typologies.
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Forestry Policies) data at regional level, concerning the quantities for-
warded to distillation; data from the DOC wine Committee regarding
DOC and DOCG outputs, data from specific studies performed by
ISMEA (Institute of Services Agriculture and Food market) has al-
lowed for the distinction between wine production from own vines,
wine production by cooperatives and wine production by vine wine
industry. These data allow for an accurate analysis of the attribution
of wine output to agriculture rather than to other branches (wine by
cooperatives, wine by wine vine industry) through grapes acquired
by agriculture. In conclusion the analysis has permitted the quan-
tification of the new value of wine output in agriculture. This sector
makes wine on his own from the 40-45 per cent of its grape production,
helped by the relevant presence of cooperatives with another 40-45 per
cent. From 10 to 15 per cent is produced by wine industry. These new
branches have been built on unit absorptions and value added taken
from survey information of the producers.

Our work concentrates on wine production within economic ac-
counts, in order to get a greater detail degree of detail in branches
1.13.1, 15.93 and 15.94 and two different branches for wine (White and
Red/Rosé). The break down takes place through coefficients applied
to branches 1 and 15. The total wine output is subdivided according
shares already mentioned (Ciaccia,D. 1999[3]). Since total output is
known and are also known the shares of the two types of wine we
can easily determine the intermediate flows. The determination of the
intermediate absorptions and final demands for the Marche (Socci,C.
2003[12])takes place through the use of regional agricultural statistics
compared with production technical data and households consumption
data. Moreover in order to determine the destination of wine output
we utilized the market shares of the branch Alcoholic beverages in the
intersectoral flow table for Italy 1996.(Rampa,G. 1997[10])

The two branches under examination show relevant absorptions
from agriculture (grapes for wine production), from energy water and
transport sectors. For what regards the market shares output is ori-
ented for a great part to final demand (consumption and export) and
to intermediate sector transport.5

The greater share of value added generated by the two branches is
given by other incomes. It comprises mixed income and Gross Oper-
ating Surplus.

Taxes on output show a consolidated flow which is positive but it
is comprehensive of subsidies.6

5In our table this branch includes trade hotels and restaurants.
6The accounting table is presented in the appendix (13x13).

5



The decomposition of the structural method: the most effective demand change

4 The decomposition of the structural method: the most
effective demand change

We now have the data base to determine all the parameters in equa-
tion 3 that shows the interactions among industries and sectors. We
can consider the direct and indirect effects of disposable incomes on
industry output. Our structural matrix R will be given by:

R = (I−A)−1 · (F0 + K) (4)

Its numerical determination is given in Table 1.Each cell shows the
growth of the ith output, xi, caused by a unit change income impulse,
yj , in the jth sectoral disposable income.

Table 1: Direct and indirect effects of sector disposable incomes on industry
output

I II III IV V VI VII
1 -0.018 -0.013 -0.010 -0.007 -0.002 0.005 -0.007
2 0.005 0.003 0.003 0.002 0.001 -0.000 -0.001
3 0.003 0.002 0.002 0.001 0.001 -0.000 -0.000
4 0.005 0.002 -0.000 -0.001 -0.002 -0.005 -0.021
5 0.030 0.022 0.015 0.012 0.007 -0.004 -0.009
6 0.040 -0.008 -0.041 -0.079 -0.129 -0.208 -0.031
7 -0.257 -0.053 0.092 0.242 0.442 0.771 -0.076
8 0.047 0.033 0.022 0.019 0.014 -0.002 -0.018
9 0.009 0.006 0.005 0.004 0.003 -0.000 -0.002
10 0.088 0.088 0.100 0.046 -0.017 -0.065 -0.072
11 0.485 0.329 0.206 0.137 0.035 -0.178 -0.113
12 0.153 0.104 0.066 0.040 0.003 -0.068 0.000
13 0.020 0.015 0.012 0.009 0.006 0.000 1.000

Table 1 can be easily decomposed in a sum of 7 different tables
through the singular value decomposition. The decomposition is such
that each sub table is ”ruled” by a single scalar, called singular value,
which shows the aggregated effect on the output vector of a demand
vector of predetermined sectoral structure (see appendix section 1).
For this reason we will refer to these singular values as macro multi-
pliers. Matrix R in fact can always be written as

R = U · S ·VT (5)

where U and VT are two unitary matrices of convenient dimensions
and S is a (7x7) diagonal matrix whose diagonal elements consist of
the 7 scalars si. Scalars si are all positive and can be ordered in
decreasing order. If we denote with ui the columns of matrix U and
with vi the rows of matrix V we can express matrix R as:

R =
∑

i

siuivi (6)
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The decomposition of the structural method: the most effective demand change

each of the 7 elements of the summation represents a table composing
Table 1.

If the income impulse is chosen so that its structure is made equal
to, say, vector vi all the elements of the summation, other than si, ui

and vi become equal to zero, since vectors vi (i=1,..,7) are orthogonal,
and matrix R would reduce to:

R = siuivi (7)

We can than say that, given our matrix R, we are able to isolate
impacts of different (aggregate) magnitude, considering that each la-
tent macro multiplier present in matrix R, si can be activated through
a shock along the demand structure vi and its impact can be observed
along the output structure ui.

Table 2: Latent multipliers in R.
S1 1.048
S2 1.012
S3 0.646
S4 0.066
S5 0.00
S6 0.00
S7 0.00

5.19

Table 2 shows the macro multipliers which are present in matrix
R. Macro multiplier 1 (1.048) is the dominating one for its order of
magnitude. This means that a final demand vector change produces
a change on the output vector 1.048 times greater.7 Multiplier 2 am-
plify the effect of the shock, while 3 reduce it. The last four macro
multipliers have no effects.

Data in table 1 can be standardized taking deviations from the
mean value and dividing by mean square error. In this case decompo-
sition would produce the macro multipliers shown in table 3.

Since matrix product R · RT represent the output correlation ma-
trix and and that square roots of its eigenvalues are the singular values
of matrix R, we can conclude that each singular value in table 3 can
be interpreted as the share of the variance related to the associated
singular value. If we determine the cumulated percentage shares, we
see that the first two singular values cover the 95 per cent of total
variance. This means that we can confine our analysis of intersectoral

7Given the problems connected with aggregation in multisectoral models, this feature of
singular values si is not of minor relevance. They are aggregated multipliers consistently
extracted from a multisectoral framework and their meaning holds both if we speak in
aggregated or disaggregated terms.
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The decomposition of the structural method: the most effective demand change

Table 3: Latent multipliers in R.
multiplier cumulative

percentage sum
S1 3.20 0.61
S2 1.61 0.95
S3 0.37 1
S4 0.00 1
S5 0.00 1
S6 0.00 1
S7 0.00 1

5.19

and interindustry interaction to the first two macro multipliers to get
results valid for the 95 per cent of the cases. Rather then considering
matrix R, which can be decomposed into the sum of seven impact
components each one dominated a scalar multiplier

R =
7∑

i=1

si · ui · vi (8)

we can refer to matrix

R0 = s1 · u1 · v1 + s2 · u2 · v2 (9)

in which addenda greater then two have been neglected. In matrix R0

the economic interactions are all determined by the first two aggregate
impact multipliers s1 and s2. We note that vectors

s1 · u1 =



s1 · u1,1

s1 · u2,1

s1 · u3,1

.

.

.
s1 · u13,1


, s2 · u2 =



s2 · u1,2

s2 · u2,2

s2 · u3,2

.

.

.
s2 · u13,2


(10)

-which split the two macro multipliers into the thirteen output
sectors- represent how each of the two impact components affects the
output sectors. On the other and vectors

s1 · v1 =
[

s1 · v1,1 s1 · v1,2 s1 · v1,3 . . . s1 · v1,7

]
(11)

s2 · v2 =
[

s2 · v2,1 s2 · v2,2 s2 · v2,3 . . . s2 · v2,7

]
(12)

-which split the same two macro multipliers into the seven institu-
tional sectors- represent how the change in sectoral disposable income
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Table 4: Impact of a disposable income on the macro multiplier
First impact second impact
component component

v1 · s1 v2 · s2

I 1.861 0.240
II 1.116 0.059
III 0.556 -0.057
IV 0.118 -0.237
V -0.493 -0.470
VI -1.603 -0.803
VII -1.555 1.268

Table 5: Impact of the macro multiplier on industry outputs
First impact second impact
component component

u1 · s1 u2· s2

x1 -0.874 -0.485
x2 0.990 -0.134
x3 0.990 -0.134
x4 0.796 -0.604
x5 0.990 -0.133
x6 0.742 0.671
x7 -0.651 -0.759
x8 0.966 -0.236
x9 0.986 -0.162
x10 0.937 -0.073
x11 0.996 0.081
x12 0.957 0.288
x13 -0.510 0.859

influence the two impact components. A numerical representation of
these impacts for our example is given table 4 and 5

We can also give a graphical representation of each elements in the
four vectors. We will define the axis of the first macro multiplier on
which we measure ra the elements of vectors s1u1, s1v1 and the axis
of the second macro multplier where we measure the elements of the
vector s2u2, s2v2. We will then represent the couple (s1v1,i, s2v1,i)
i=1,....,7, with seven arrows showing how the change in disposable in-
come impacts on the two macro multipliers; and couples (s1u1,i, s2u1,i)
i=1,....,13, with thirteen dots, showing how the two macro multipliers
impact on sectoral output.

The modulus the arrows labelled I, II, III, IV, V, VI and VII,
represent the stimulus forward to the two macro multipliers by unit
change in sectoral disposable income. Dots labelled x1 to x13 represent
the industry effects of the macro multipliers on the industry outputs.

It has to be noted that the angle - or, better, its cosine - formed
in the origin by two arrows, or by two segments connecting two dots
with origin, or by arrow and a segment gives a the measure of the
correlation coefficient between such two variables.
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Figure 1: The interaction between final demand and output by industry.
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Concentrating on the arrows we can say that there is high positive
correlation among the first three income sectors. They tend to act
on interaction in same direction. Income sector V tends to react in
the opposed direction of the sectors I and II; as well as sector IV in
respect of sector VII.

In Figure 1 we note that a set of industries, notably 2, 3, 5, 8, 9,
10 and 11 are radar concentrated with a correlation coefficient higher
then 98 per cent. Which means that they receive same type of stimulus
(same combination of macro multipliers). All of them and in particu-
lar wine industries, 2 and 3, perceive highly the change in disposable
income of sectors I, II and III. Wines industries get more immediately
the changes in disposable incomes of the lower income households. We
can conclude that wine sectors are driven by the same combination
of macro multipliers that rules the manufacturing sectors when stim-
ulated by disposable income. While, agriculture perceives a higher
stimulus from the same sectors but opposed direction.
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5 Conclusion

The attempt of applying the social accounting framework at the re-
gional level provides the possibility of introducing wine in a consistent
system of regional accounts. The data base allows for the evaluation
of policies taken the different level: local, national and EU. Some dif-
ficulties may be encountered since the accounting system related to
wine is not so elaborated and much more episodic than the national
one. The available evidence has been gathered and reconciled in the
perspective of getting some experience on the local database and its
possible integration with national data.

Impact analysis, which is the most suitable method for keeping a
direct contact between data and model, can provide a tool for test-
ing the effects of the various policies in a multi industry multi sector
framework.

The application illustrated consists in finding a type of aggrega-
tion, which maintains both the multi sector and the multi industry
specification of the macroeconomic variables. The method allows for
the treatment of the industry and sector data, in order to determine
an aggregated scale effect, which globally stimulates macroeconomic
variables, though giving consistent account of their sectoral composi-
tion. Inconsistencies connected with the ”historic” problem of aggre-
gation are then overcome and a synthetic picture of interactions can
be derived.

The quantification of wine interindustry interactions shows the ef-
fects of global policies in terms of the growth of the sector. Wine sec-
tor exhibits a greater similarity with other manufacturing sectors in
terms of reactions to income policies while a noticeable dissimilarity is
detected with agriculture and and service sectors. This phenomenon
seems to confirm those empirical analyzes that allocate wine sector
within the logic of manufacturing industries less and less tied to the
agricultural economic behavior.
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Spectral Decomposition

A Spectral Decomposition

Let us consider matrix W, the square our (13x7) matrix R:

W = RT ·R

Matrix W has a positive definite or semidefinite square root. Given
that W ≥ 0 by construction, its eigenvalues (λi) i=1....n shall be all
real non negative (Lancaster,P. and Tiesmenetsky,M. 1985 [9]). We
can define the real matrix

S =


√

λ1 0 0 . 0
0

√
λ2 0 . 0

0 0
√

λ3 . 0
. . . . .
0 0 0 .

√
λ7


Matrix W is normal and hence there is a unitary matrix V such

that
W = V ∧VT

where ∧ = S2. The square root of W shall be given by

W* = VSVT (13)

so that W*2 = W = RT · R. The eigenvalues of matrix W* =
(RT ·R)1/2 are referred as to as singular values s1, s2,..., s7 of matrix
R. Moreover the square root of first 7 eigenvalues of R ·RT coincide
with the 7 singular values of R.

Matrix R can be, then, decomposed according 13. We define a
matrix S whose elements are the singular values of RT or R. Thus

∧ = ST · S = S2

and
S−1 ∧ S−1 = I

Define the 13x13 matrix:

U = R ·V · S−1

matrix U is orthogonal as:

UT ·U = S−1 ·VT ·RT ·R ·V · S−1 = S−1 ∧ S−1 = I (14)

from 14

U · SVT = R ·V · S−1 · S ·VT = R ·V ·VT = R

13



Spectral Decomposition

Equation 1 can, then, be decomposed as

x = U · S ·VT · y (15)

V is an (7x7 ) unitary matrix whose columns define the 7 reference
structures for disposable income:

v1 =
[

v1,1 v1,2 v1,3 . . . v1,7

]
v2 =

[
v2,1 v2,2 v2,3 . . . v2,7

]
· · · · · · · · · · · · · · · · · ·

v7 =
[

v7,1 v7,2 v7,3 . . . v7,7

]
U is an (13x13) unitary matrix whose columns define 13 reference
structures for output:

u1 =


u1,1

u2,1

u3,1

.
u13,1

 ,u2 =


u1,2

u2,2

u3,2

.
u13,2

 ,


.
.
.
.
.

 ,u13 =


u1,13

u2,13

u3,13

.
u13,13


and S is an (7x7) diagonal matrix of the type:

S =


s1 0 0 . 0
0 s2 0 . 0
0 0 s3 . 0
. . . . .
0 0 0 . s7


Scalars si are all real and positive and can be ordered as s1 > s2 >

... > s7. Now we have all the elements to show how this decomposition
correctly represents the macro multipliers that quantify the aggregate
scale effects and the associated structures of the impact of a shock in
disposable income on total output.

In fact if we express the actual vector y in terms of the struc-
tures identified by matrix W, we obtain income demand vector, y0,
expressed in terms of the structures suggested by the R:

y0 = V · y (16)

On the other hand we can also express total output according the
output structures implied by matrix R:

x0 = UT · x (17)
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Spectral Decomposition

Equation 15 then becomes through equations 16 and 17:

x0 = S · y0 (18)

which implies:
x0

i = si · y0
i (19)

where i=1,...,7. We note that matrix R hides seven fundamental com-
bination of the outputs. Each of them is obtain multiplying the cor-
responding combination of incomes by a predetermined scalar which
has in fact the role of aggregated macro multiplier.

The complex effect on the output vector of income shocks can be
reduced to a multiplication by a constant sj .

The structures we have identified play a fundamental role in deter-
mining the potential behavior of the economic system, i.e. the behav-
ior of the system under all possible shocks. We can in fact evaluate
which will be the effect on output of all income possible structures.
This is easily done imposing in equation 15 a vector whose modulus is
constant, say equal to one, but whose structure can assume all possible
configurations. If vector y in equation 15 is such that√∑

j

y2
j = 1 (20)

then geometrically we mean that the income vector describes a sphere
of unit radius: the unit ball.It rotates around the origin, as in figure
2(a), assuming all the possible structures, including those implied by
the columns of matrix V. Correspondingly the vector of total output
will describe an ellipsoid with semi-axes of length s1, ...., s7, oriented
according the directions designated by the columns of matrix U, as
in figure 2(b). This ellipsoid is sometimes called the isocost of income
control.

When income vector crosses a structure in V, the vector of total
output crosses the corresponding structure in U and the ratio between
the moduli of the two vectors is given by the corresponding scalar s.
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Data set for the application

Figure 2: Unit ball and corresponding elipsoid for disposable inocme.

                       
(a) Unit ball for disposable income                          (b)Corresponding elipsoid 

 

B Data set for the application

In this section we show the Social Accounting Matrix for the Marche
(1996), where the Input-Output table records the branches for the
white wine and red/rosè wine.

In table the institutional sectors are:

Table 6: Institutional sectors classification
H.I.C. I Households Income Class 0-20 (m.it.lire)
H.I.C. II Households Income Class 20-30
H.I.C. III Households Income Class 30-60
H.I.C. IV Households Income Class 60-135
H.I.C. V Households Income Class over 135
Government Central and Local
Corporations

The input-output branches are:

Table 7: Input-Output classification
1 Agriculture
2 White wine
3 Red and Rosè wine
4 Oil
5 Energy
6 Metal and Chemical
7 Machine and Car
8 Food
9 Tobacco and Hooch
10 Manufacury
11 Transport and Trade
12 Service market
13 Service no-market
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Data set for the application

Table 8: Social Accounting Matrix for Marche 1996

  Agricolture

    white wine

red and rosy wine

        oil

      energy

metallic and chemical

   cars and auto

alimentary products
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public services amminist

Wage and Salaries

Operating Surplus

        H.I.C_I

        H.I.C_II

        H.I.C_III
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