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. INTRODUCTION

The aim of this study is extending the elementary input-output price model
to represent the role of indirect taxes (formulation of the input-output price
model can be found e.g. in R. E. Miller & P. D. Blair 1985). The proposed ex-
tension is mainly based on the solutions presented by R. Bardazzi & M. Grassini
(1991) and M. Grassini (1997). The final formulation meets the problem of un-
availability of detailed data on tax components in individual cells of input-output
tables, which is likely not only the Polish-specific difficulty.

Building such a model was dictated mainly by some casual needs, i.e. exam-
ining effects of possible import tax introduction and effects of adapting VAT
rates to the EU standards. However, model can also function as a block of the
IMPEC model of the Polish economy.

II. INDIRECT TAXES AND PRICE FORMATION - EXTENSION OF
THE ELEMENTARY INPUT-OUTPUT PRICE MODEL

An important feature of the presented extension includes in that it is based
on the structure of the actually available input-output data, which - in the case of
Poland - conform with principles of the System of National Accounts (SNA).
Thus, for transparency of further considerations it is necessary at this place to
focus on selected data issues and price concepts.

In the SNA, the two main categories of prices are used, i.e. basic prices and
final prices (see The System of National Accounts vol. Il (1997)). Basic prices are
defined as amounts of money received by producers for their products, not count-
ing any taxes and subsidies, as well as trade and transport margins. Final prices are
amounts as seen from consumers' point of view, i.e. they are inclusive of all taxes
and margins. The relation between basic and final prices can be presented as fol-
lows (see Zienkowski 2002):
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basic price

+ customs duties and other import charges

+ excise and taxes on selected services (gambling, lottery etc.)
subsidies

VAT

trade margin

transport margin

+ + +

= final price (purchaser’s price, market price).

According to principles of the SNA, intermediate and final consumption are
evaluated in final prices, whereas global output, imports and exports - in basic
prices.

Referring to the above definitions, global output of a given branch in basic
prices is obtained by adding up material costs - evaluated in final prices - and
value added of that branch. As a consequence, basic price of a given product is
among other things, a function of all indirect taxes paid on products and services
used in the production process.

Among indirect taxes, the role of VAT in price formation requires a closer
consideration. “The producer’s tax liability is given by the difference between
the tax charged on his sales and that paid on his purchases of intermediate goods
and services” (see R. Bardazzi and M. Grassini 1991). In such case, VAT on
intermediate products and services makes in fact no cost to the producer, while it
can be fully deducted from his tax liability. In terms of prices, VAT does not
affect basic price but rather the final price and, therefore, can be treated as a tax
on final consumption. However, often there are exemptions from such a “pure”
VAT system, i.e. there are rules limiting deduction of tax paid on producer’s
inputs. R. Bardazzi and M. Grassini (1991) mention three typical reasons for
which deduction of VAT s restrained in most of the EU countries. Firstly, sec-
tors selling products or services which are exempted from VAT (in Poland: edu-
cation, health care, public administration services, financial services etc.) have
no right to deduct the tax. Also, small firms, which do not exceed a certain limit
of turnover, can benefit from VAT exemption, regardless of product or service
they offer. Secondly, the general rule is that VAT can be deducted only for those
products and services which are strictly connected with the output of
a given sector. Since such classification of intermediate goods is often difficult,
especially for unincorporated family firms, special rules are usually applied, for
example the rules limiting deduction of VAT paid on particular goods (e.g. fu-
els). Finally, for small business there usually exist simplified and standardized
methods of tax settlement. In such cases the deductible VAT is established bas-
ing on some fixed economic parameters rather than the actual value of interme-
diate goods and services used in production (e.g. for farmers). In all of those



eases, non-deductible VAT takes part in the formation of basic prices and, as
well as other indirect taxes, should be present in the extended price equation.

Apart from tax elements, the extended model must also take into account the
existence of imports in intermediate use of products and services. Obviously,
changes in costs of domestic production should not affect import prices in the
model (unless exchange rates are considered), otherwise price effects of the cost-
push inflationary spiral could be overestimated in simulations. Therefore, in the
proposed model, use of imported products and services is distinguished from
that of domestic ones.

The above remarks lead to formulating the input-output price model ex-
tended with indirect taxes and margins. Assume that an economy’s output can be
divided into n groups of homogeneous products and services. Denote by Xxu

(/,/=1...,n) the value of outlays on intermediate products and services of type
i used in production of goods of typej (x,, are, thus, elements of the first part of
a product-to-product input output table). Denote further by X, {j=1,..., «) the

global production of goods or services of typej. Global output of a given type is
equal to material costs augmented by costs of primary production factors (value
added), i.e.:

X j :(Z_i XJ +V] )

where: VJ stands for value added associated with goods and services of typej.

According to the SNA rules of evaluating transactions, as well as some sim-
plifying assumptions concerning taxes and margins, global output and interme-
diate use are given as follows:

XrQijPT (2)

b I )H,0 P)

where: Q] stands for global output in quantity terms,, ¢jjd) and dfj') represent
quantities of goods of type / used as intermediate inputs in production of branch

j, domestic and imported, respectively, p (1] - basic prices of domestic goods,

p\"'n - basic prices of imported goods. Symbol s,(f) stands for average rate of



all indirect taxes except VAT (net - tax minus subsidy rales) paid on domestic
goods of type / (i.e. excise tax and special taxes on selected services), s]m -

average rate of all indirect taxes except VAT (net) paid on imported goods of
type / (i.e. duties and other import charges as well as excise tax, minus subsi-

dies), dj = b, + ¢, , where b, is an average rate of trade margin, c, - average
rate of transport margin. Symbol t, stands for average nominal VAT rate for
products or services of type i (the same for domestic and imported goods), /2,

a coefficient showing what part of an individual intermediate purchase (in terms
of value including all indirect taxes except VAT) is subject to non-deductible

VAT. In other words, h”t, show rates which can be named as “effective” VAT

rates for individual inputs of intermediate products and services.

As can be seen from equation (3), all indirect taxes are assumed to be ad
valorem taxes with fixed rates. Similarly, trade and transport margins are con-
sidered fixed in proportion to value of products and services (in basic prices)
belonging to a given group. Such treatment of taxes is perhaps not fully ade-
quate, as it does not represent the actually existent non-linearities in calculation
of taxes. This restriction can be, though, justified by the fact that most of the
considered indirect taxes are ad valorem taxes. Rates are named “average”, since
individual groups of products or services in many cases are not homogeneous
and, thus, within a given group there may coexist products or services taxed at
different nominal rates. Actually, the simplifying assumptions - explicit in the
formulation of the model - are strictly connected with the structure of the usu-
ally available input-output data.

Regarding (2) and (3), cost equation (1) can be written as:

Dividing by Q, yields:
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and:
~ VJ
Vi =ql
equation (5) can be then written as:
pT - +rf )0+, )+ 21" A (T +<0& +V - XK P)

Al

where: «{f) and a,-"1 are technical coefficients showing - in physical terms -

the amount of products or services of type / - domestic and imported, respec-
tively - necessary to supply a unit of products or services of typej. Finally, if

“°” stands for element-by-element multiplication, equation (9) can be written in
the matrix form:

P/=fo °(J+H'T )X+s,, +D)pl+ (., °(j+H'T )X+SW+ D)pm+v (10)

which after solving yields:

p/=(i- (K °(j+H T)Xi+s, +d)Y K@, °( + H' )X i+s,, + d)p,, +v)o 1)

where: p,7= [p,(<)], P = [BG] AL, = Aw=["m)], H = [ry], Sd is a
diagonal matrix of elements , S,, - diagonal matrix of elements sjm , T -
diagonal matrix of elements t, , D - diagonal matrix of elements d, , I is a uni-

tary matrix, J - matrix with all elements equal 1 (/,j = 1...«).

It is obvious, however, that input-output tables in physical terms are practi-
cally unavailable and, thus, technical coefficients can not be obtained. Instead,
value-based coefficients can be used in price equation, which is in fact equiva-
lent to assuming that initially all prices equal 1. Under such assumption, solving
price formula leads to obtaining price indices /?, rather than levels p, (see R.

E. Miller and P. D. Blair (1985)). Define:
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(13)
and:
\
1 as»
where:
Y '-ul pll (15)
and:

where z]'l' and 2)') represent intermediate consumption evaluated in basic

prices (which can be considered observable at a certain stage of empirical analy-

sis - for details see the next section), a]jl] and ajj'" represent value-based input-

output coefficients, v; - value added per unit of output evaluated in basic

prices. The final, applicable version of the extended price model can be, thus,
written as:

p, =(- (A" °J+H T)XI+Sf+D))-“(Am°(J+H'T))(I +S( + D)pw+ v) (17)

where: p, = [~ Pu = [3,")], A = [aE°], AH= [ayn)], v = [v(]
(/,/ =1,...,n). Vectors p( and p,, contain price indices for domestic and im-

ported goods, respectively.

Model represented by equation (17) provides a wide range of possible appli-
cations. Apart from analyses of price reaction to changes in unitary value added,
it enables examining the effects of changes in tax rates (S(/, S,, and T), as well

as effects of fluctuations of import prices (p,,) and changes of trade and trans-
port margin rates (B, C). However, a problem arises of how to obtain the re-

quired parameters of model (17) using the available input-output data. The next
section is dedicated to a solution of this problem, which involves procedire of
input-output table decomposition.



I1l. DECOMPOSITION OF THE INPUT-OUTPUT TABLE

The major problem in practical application of the model given by equation
(17) is that the necessary parameter matrices (Af/,Aw.S(/,S,,,D. T. Il ) are not

immediately derived from input-output tables. Generally, calculation of these
parameters requires information on tax components in individual transactions of
final and intermediate use. Such detailed data are usually unavailable. Therefore,
in the Polish case, as perhaps for most European countries, application of the
proposed price model relies on decomposition of input-output table, based on
incomplete data and simplifying assumptions.

The issue of the greatest concern is to determine /;i-coefficients, showing
contents of non-deductible VAT in individual intermediate consumption transac-
tions. Solution of this problems is fairly ambiguous and, consequently, any spe-
cific assumptions are not embodied in the formulation of model (17). Thus, the
model in that form is independent of the actually chosen decomposition method.
It must be emphasised that the method of decomposition introduced below is not
the only possible one. It should rather be considered as presentation of a certain
general approach, which can be a subject of further discussion and development.

Decomposition procedure strictly relies on the structure of the input-output
table, which - for the Polish case - is presented in table 1 (all calculations pre-
sented in this paper are based upon the product-to-product input-output table for
the year 2000 was elaborated by the author basing on supply and use tables,
provided by the Central Statistical Office, unpublished). For convenience of the
analysis, which is anyway focused on the tax effect on prices, the value added is
aggregated into one row, i.e. its components are not distinguished in the pre-
sented Table 1.

In the input-output table 2000, “transport, storage and communication” ser-
vices account was divided into two parts - one concerning transport services
connected with trade margins (name it "transport-as-margin”), the other - in-
cluding transport services treated as intermediate use of other sectors, as well as
storage and communication services. As a result, global output of the “transport-
as-margin” services equals total of the transport margins paid on all products in
the economy. Similarly, “trade and repair” were divided into “trade” and “re-
pair”, however in the case of trade, its output equals the total of trade margins
across all transactions by definition. Such separation of trade and transport is
necessary for the model as well as the decomposition procedure to work prop-
erly. It is worth noticing that since margins are recorded in expenditures on other
products and services, total supply of trade and “transport-as-margin”, equals
zero, as do all values in the corresponding rows of the input-output table.



Table 1
Structure of the input-output table’2000 for Poland

[1] [2] [3] Row totals
[1] tty «*/1 W I Hx/ fo] «Xi fob
[2 LV/ J - - -

Subtotals ([1], [2]) jix, - )

[3 M. ix” - - -
(4 t. J|xn ) . .
(5] Oj(m) JIx« B -
[6] VTj\\ - - -
71 K1, xa -

(8] RN - - -

Column totals - -

where: yik represent final demand, / being the number of the distinguished final
demand categories (not counting exports, which is treated separately), G, -
global supply of products or services of type /, E, - exports of products or ser-
vices of type /, Mj - imports of products or services of typej, S'f - total

amount of indirect taxes, other than VAT, paid on domestic products or services

of typej, SIT - total amount of indirect taxes, other than VAT, paid on im-

ported products or services of typej, I, - total amount of non-deductible VAT
paid on both domestic and imported products and services of type /, B, - total
amount of trade margin paid on products and services of type /, C, - total

amount of transport margin paid on products and services of typej.



3.1. Extracting VAT from the input-output table

At the first stage, VAT is extracted from input-output table. At the same
time, VAT rates /, and coefficients hy - showing contents of non-deductible

VAT in intermediate flows - are determined. The procedure is based on the fol-
lowing relation (see also J. C. Collado & F. Sancho (2002) for method of recov-
ering hidden tax rates in input-output tables in which all transactions contain full
amount of deductible tax):

(18)

In (18) we have n equations with >i(«+1) variables (r, and hy). Thus, to ob-

tain those parameters, a priori knowledge and/or simplifying assumptions must
be applied. For example, consider the sectors whose products and services are
fully exempted from VAT. In the case of Poland these are: fishery, financial
services, public administration and defence, education, health care and social
security services. As they do not have right to VAT deduction, it is definite that
all intermediate inputs in these sectors include full amounts of VAT. Thus, coef-
ficients in the corresponding columns of the H matrix are all equal 1.

Equation (18) assumes that all final purchases are inclusive of full VAT
amount. However, this need not be true for investment. Simplifying, it can be
assumed that enterprises fully exempted from VAT pay the tax on investment
goods, other do not (it is deducted). Among institutional sectors of the Polish
economy, the non-profit institutions, government and financial enterprises can
be treated as the performers of most activities exempted from VAT. Conse-
quently, it was assumed that investment outlays of the mentioned institutional
sectors include full VAT amounts, while non-financial enterprises and house-
holds (household firms) deduct the whole tax. The only exception is that for
private expenditures on buildings, which are also recorded as household invest-
ment, but VAT cannot be deducted. Thus, for clarity of the solution presented
below, investment in buildings were moved to household consumption.

Following the above remarks, equation (18) should be substituted with:

(19)

where: 12, = {/,1',/V >...,y'i))} is a class of subsequent numbers of groups of

commodities which are not exempted from VAT, co being the total number of



such products and services, £722= {/i<>>." 2>...¥4-L/ ~ a dass of subsequent
numbers of groups of commodities which are fully exempted from VAT,
M= \kl,k2....ky\ - a class of subsequent numbers of final expenditure categories
fully inclusive of VAT, y being the total number of such categories. Still, how-
ever it is impossible to solve (19) for t, and hy without further simplification.
In order to illustrate the approach better, assume for a while that VAT is pre-

sent only in final demand (except investment of households and non-financial
enterprises) and in intermediate expenditures of branches fully exempted from

VAT. Interms of hy coefficients it means that hy = 0 for j e .Thus, we get:
_ g A
n= yZeO,I\iE‘/ +*e-rr1t»rr n @

Solving (20) for /, yields:

ti = -ri _ +Z N ~T> (21)
yjeh

Results of this experiment for the input-output table’2000 are presented in
Table 2.

The first column contains rates calculated according to equation (21). Many
of those rates prove to be higher than the highest nominal VAT rate actually
used in Poland (22%). The only explanation of such results (apart from inaccu-
racy of data) is that the denominator in formula (21) is to small for certain types
ofgoods and, consequently, it should be augmented by a part of those intermedi-
ate costs, which were assumed VAT-free. Thus, it gives an indirect evidence for
what is not explicit in the input-output table, that is for the existence of non-
deductible not only in costs of the sectors fully exempted.
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VAT rates (in %) and /?, coefficients

Products and services

Agriculture and forestry
Fishery

Mining

Food

Tobacco

Fabrics

Textile

Leather

Wood

Paper

Publishing and printing

Petrol

Chemicals

Rubber and plastic

Other non-metallic

Metal

Metal products

Machines

Office machines and computers
Electric machines

Radio and TV devices

Medical and optical devices
Motor vehicles

Other transport equipment
Furniture and other goods
Recycling

Electricity, gas, water
Construction

Hotels and restaurants
Financial services

Business and real estate services
Public administration and defence
Education

Health care and social security
Other services

Repair

Transport, storage, communication
Trade

Transport-as-margin

Source: Own calculations.

Results of
(21)

0.8
0.0
27.2
6.6
10.8
18.8
16.8
11.6
16.0
39.6
8.5
36.4
8.9
58.1
15.3
4 783.5
38.3
16.1
22.4
72.4
16.9
11.4
19.7
9.7
7.0
-105.6
3.0
6.8
115
0.1
11.6
0.0
0.0
0.0
31
145
10.6
0.0
0.0

Reference
rates
3.0
0.0
71
6.0
22.0
22.0
22.0
22.0
17.7
22.0
5.1
21.1
194
22.0
12.7
21.2
15.5
19.6
22.0
22.0
22.0
17.3
22.0
7.8
22.0
22.0
7.0
7.0
22.0
0.1
22.0
0.0
0.0
0.0
22.0
22.0
22.0
0.0
0.0

Destination
rates
0.8
0.0
71
6.0
10.8
18.8
16.8
116
16.0
22.0
5.1
211
8.9
22.0
12.7
21.2
15.5
16.1
22.0
22.0
16.9
114
19.7
7.8
7.0
22.0
3.0
6.8
115
0.1
11.6
0.0
0.0
0.0
31
14.5
10.6
0.0
0.0

hi

0.000
0.000
0.226
0.216
0.000
0.000
0.000
0.000
0.000
0.093
0.793
0.137
0.000
0.093
0.031
0.090
0.117
0.000
0.021
0.170
0.000
0.000
0.000
0.159
0.000
0.007
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000



The above observation is the basis for the further procedure. The idea
amounts to searching for such /;); values (for j efi, ) which would bring down

the resulting ti rates at least to the level of 22%), (the highest nominal rate) thus

allowing to find VAT amounts which are definitely present in intermediate
flows. In fact, instead of using the terminal level of 22%, one can calculate “ref-
erence rates", basing on valid tax regulations, which assign nominal VAT rates
to different kinds of products and services. This sort of calculation is fairly ap-
proximate. If within a group of products there are goods charged at different
VAT rates, they should be weighted by shares in global supply of those goods.
However, reference rates should perhaps be treated as upper bounds for actual
effective rates rather than as actual effective rates themselves. This restriction
results from the fact that a given good can be usually supplied by eithera VAT-
paying producer or by a VAT-exempted one. In such a case, the effective VAT
rate becomes lower than the nominal (reference) one.

According to the proposed approach, the so called “destination rates” are de-
termined. Destination rates are set to the reference rates for those products and
services, for which rates resulting from equation (21) prove higher than the ref-
erence ones. For the remaining commodities, destination rates are set at the level
determined by applying formula (21). Destination rates actually compose the T
matrix (see model (17)).

Given VAT destination rates, it is possible to calculate hy coefficients, pro-
vided that the number of unknown variables is reduced to n. This can be ob-
tained by assuming that those coefficients are uniform across rows of the input-
output table. It means that in all branches which are not fully exempted from
VAT, the same fraction of value ofa particular material is charged with the non-
deductible tax. Regarding this assumption, equation (19) can be rewritten as:

T,- 1 i+ X X YTy, @2)
yeO, 1+/N yefl, !

That simplification enables solving (22) for each h, separately. The solution
yields:

\ f 1 f Wl

h = T|+b‘1 Ti- 10 “z o* +-) Y. X4~T< +%2 Z y»+ Z -
y v IS kel veeol kel jeQ, |

(23)



where: /, are VAT destination rates, as shown in table 2. Coefficients /?, are set

to zero whenever division by zero arises in (23).
Finally elements of T and H can be set as:

for 1=]
for (24>
for /e L

n//u[ 1 for Peqp (25)

It can be seen from table 2 that the highest contents of non deductible VAT
are found in intermediate purchases of food, leather, products of publishing,
fuels and fabrics.

The last step in which VAT is involved is purifying input-output table of this
tax, in order to enable calculation of the remaining parameters. Denoting by wi

intermediate flows purified of VAT and by fjk - final demand purified of VAT,

one can formulate the following purification rules:

tR-TTN O (¢25))

—a-Yite for Kel
1+/ 1/ (27>

Yik> for k*r

It must be emphasised that the proposed method of determining T and H pa-
rameter matrices is based on rather strong assumptions, which can lead to some
undesirable effects in the model. Firstly, unaquaintance with the actual effective
rates and using reference rates instead, can lead to underestimating contents of
non-deductible VAT in intermediate flows. Thus, price responses to VAT rate
changes in the model can be interpreted as the minimal of which one can be
certain, i.e. actual responses are likely to be greater. The only reason for such
limitation in the functionality of the model is the lack of data on non-deductible
VAT. Secondly, a researcher must still deal with the notion of effective rather
than pure nominal rates which often causes difficulties in adequate formulation
of simulation scenarios. Thirdly, the rules in the model are rather compatible
with rules limiting deduction of VAT on particular goods, while perhaps in the
Polish conditions a greater role should be attributed to VAT exemption for small
enterprises. Modelling of the latter case, however, complicates the procedure of
determining non-deductible VAT in input-output table. As a result, the proposed



method leaves a substantial margin for further consideration and, possibly, im-
provement.

3.2. Purifying the input-output table of indirect taxes other than VAT

Next stages of the decomposition procedure are perhaps more transparent
than the previous one. To determine diagonal elements of Sf/,

Sm, li and C
matrices, the following formulas are used:

S?>

sf =~rr (28)
C(w)
M,

me J1'"u (30)

G.)

The resulting rates are presented in Table 3. Negative values of tax rates
mean that subsidies exceed taxes.

Distinguishing between domestic and imported production relies on the as-

sumption that there is a fixed share of imports for particular commodity, identi-
cal in all individual purchases of that commodity, i.e.:

4= Vzi (32)
where: zy
(16)):

represent intermediate flows evaluated at basic prices (see (15) and

7 = J 1) 4- '
PR ¥rr (33)

Coefficients /<, can be calculated according to the following rule:



Tabic 3
Rates of indirect taxes excluding VAT (in %), margin rates

! Products and services i"’d00 ¥, oo @ o °
1 Agriculture and forestry -0.1 8.1 11.8 Il
2 Fishery -0.8 0.6 41.8 10.6
3 Mining 0.0 0.1 5.5 9.8
4 Food 4.8 21.1 27.7 0.2
5 Tobacco 118.4 230.5 92.6 0.0
6 Fabrics 0.0 2.6 18.7 1.1
7 Textile 0.0 9.0 44.7 16
8 Leather 0.0 7.0 48.6 17
9  Wood 0.0 24 125 14
10 Paper 0.0 0.9 131 21
1 Publishing and printing -0.1 0.9 19.1 0.8
12 Petrol 30.0 120.5 56.0 35
13 Chemicals -0.1 1.6 26.8 0.6
14 Rubber and plastic 01 19 15.6 3.9
15 Other non-metallic 0.0 15 14.0 75
16 Metal 0.0 24 5.9 0.5
17 Metal products 0.0 2.7 10.2 3.2
18 Machines 0.0 14 8.1 0.5
19 Office machines and computers 0.0 11 18.4 2.3
20 Electric machines 0.0 14 8.0 0.9
21 Radio and TV devices 0.0 2.2 16.6 1.0
22 Medical and optical devices 0.0 25 6.9 2.3
23 Motor vehicles 14 8.8 12.3 0.6
24 Other transport equipment 0.0 17 7.3 0.5
25 Furniture and other goods 0.0 4.8 13.7 18
26 Recycling 0.0 0.0 0.0 15
27 Electricity, gas, water 0.0 2.3 0.5 0.0
28 Construction 0.0 0.0 0.0 0.0
29 Hotels and restaurants -0.1 0.0 0.0 0.0
30 Financial services 0.0 0.0 0.0 0.0
31 Business and real estate services -0.5 -0.3 0.0 0.0
32 Public administration and defence 0.0 0.0 0.0 0.0
33 Education 0.0 0.0 0.0 0.0
34 Health care and social security 0.0 0.0 0.0 0.0
35 Other services -1.1 -0.9 0.0 0.0
36 Repair 0.0 0.0 0.0 0.0
37 Transport, storage, communication -0.9 -0.9 0.0 0.0
38 Trade 0.0 0.0 -100.0 0.0
39 Transport-as-margin 0.0 0.0 0.0 -100.0

Source: Own calculations.

The above assumption makes it possible to purify transactions of both indi-
rect taxes on domestic goods and those on imported ones, as well as trade and
transport margin, at once. The appropriate rule is given by:



(35)

Having zy and //,, it is possible to determine elements of the last two pa-

rameter matrices, A,/ and A,,:

(36)

(37)

Finally, all of the acquired parameter matrices should be diminished by re-
moving rows and columns corresponding with trade and “transport-as-margin”.
Otherwise the model could not be solved as all elements of A( and A,H matri-
ces in rows corresponding with trade and “transport-as-margin” equal zero
(margins are present explicitly in the price equation, so the solution remains
correct). The test for correctness of the decomposition procedure is done by cal-
culating prices according to formula (17), using the acquired parameter matrices
- all of the resulting price indices should equal one.

IV. FINAL PRICES AND AGGREGATE PRICE INDICES

At the last stage of the analysis, final prices, as well as aggregate price indi-
ces are determined.

Final price for a particular group i of products or services can be calculated
as:

(38)

Values of >'n show the relation of the final to the basic price. Changes of

final prices of domestic goods are represented by the following indices:



where: >(1)) stand for initial values of , that is the values calculated basing

on original parameters of the model (not changed due to scenario assumptions).
Analogously, final prices as well final price indices for particular imported
commodities can be calculated, i.e.:

=(I+/,)(+sf0+di)pl'r (40)

and:
™o (41)
For interpretation purposes, it is usually convenient to use a weighted price

index for subsequent groups of products and services, including both domestic
and imported ones:

(42)
Aggregate price index for category K of final expenditures (not exempted
from VAT - e.g. final consumption) can be calculated as follows:
" \ fn V1
(43)

V. /= Y \i=l /

where: Ke I'.
Values of yjk are taken directly form the input-output table (see Table 1).
Aggregate price index of global domestic output is given by:

Il'X. (44)

Define also:
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and
o -0t P Hd TRV, i +sI*>+djipjn 47
(1- poplis~ o YRR s s<n, v a0
where: , ')k and 'd, are initial values of indirect tax rates (except VAT)

and margins - as determined in the decomposition procedure. Values of can

be treated as final price indices for commodities for which full deduction of
VAT is allowed. Thus, it leads to formulating aggregate price indices for those
final demand categories which are free of VAT burden (e.g. exports and invest-
ment of non-financial enterprises), as well as to the mixed aggregated price in-
dex for a wider range of final goods, respectively (e.g. GDP):

(»
48/) = m7 -1 (48)
v =i JVii
where: ke (1,2...../} and:
;M):zxm*+z ZA* e Z Zy*+ Z 7 Yk (49)
keU™ 1=1 *eU2 i>| J e keU-, i=1

where: (/, cF, U2a{1,2.../3}.

According to analytical needs, other price indices can be defined.

V.SIMULATION RESULTS

Simulation assumptions were inspired mainly by the two facts. Firstly, it
was the discussion among the Polish politics and economists on the possibility
of introducing a 5% import tax. As the import tax connot be actually imposed
after the EU accession, the simulation currently has a counterfactual character.
Secondly, it was the adaptation of VAT rates on certain products and services to
the EU standards. Therefore, the empirical part of the study is divided into two
parts, adequate for the analysed issues.



ing 0.05 to each rate of indirect taxes on imported goods sj'°.

5.1. Simulation 1- import tax

Applying scenario for the first simulation is fairly simple. It amounts to add-

presented in Tables 4 and 5.

-~
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The results are

Table 4

Results of simulation 1. Rates of growth of prices, share of imports in supply (in %)

Products and services

Agriculture and forestry
Fishery

Mining

Food

Tobacco

Fabrics

Textile

Leather

Wood

Paper

Publishing and printing
Petrol

Chemicals

Rubber and plastic

Other non-metallic

Metal

Metal products

Machines

Office machines and computers
Electric machines

Radio and TV devices
Medical and optical devices
Motor vehicles

Other transport equipment
Furniture and other goods
Recycling

Electricity, gas, water
Construction

Hotels and restaurants
Financial services
Business and real estate services

Public administration and defence

Education

Health care and social security
Other services

Repair

Transport, storage, communication

Basic prices
(domestic)

1.0
12
0.7
0.9
0.6
15
0.8
11
1.0
17
0.9
16
1.0
15
1.0
13
12
13
2.2
16
15
1.0
18
16
12
15
1.0
0.9
0.6
0.9
0.5
0.1
0.2
0.2
0.5
0.6
0.8

Final prices
(domestic +
imported)

13
17
21
1.1
0.7
2.6
12
16
13
2.8
1.1
1.6
2.5
24
16
2.2
2.0
2.9
3.9
2.6
31
2.2
31
1.9
1.6
15
1.0
10
0.6
18
0.7
0.1
0.2
0.2
0.5
0.6
15

Actual share of
imports in total

supply
10.0
22.9
38.9
8.0
25
42.4
16.7
26.1
9.9
40.6
7.9
154
50.7
34.6
20.9
27.0
25.1
50.4
90.5
35.3
60.6
34.7
55.9
9.7
134
0.0
0.3
25
0.0
21.2
4.4
0.0
0.0
0.0
12
0.8
16.7



Table 5

Results ol' simulation 1 Rates ofgrowth of aggregate prices (in %)

Categories offinal expenditures + global output Price change

Private consumption 13
Government consumption 0.3
Investment 2.0
Export 19
Global domestic output (basic prices) 0.8

Source: Own calculations.

The relatively highest growths of final prices can be observed for office ma-
chines, motor vehicles and radio and TV devices, mainly as a result of high im-
port shares for these products. However, final prices are also driven by signifi-
cant increase in material costs, which is visible in basic prices (for industry rates
of growth of basic prices oscillate around 1% -2%). It is the office-machine in-
dustry which bears the highest indirect costs of introducing import tax. Among
commodities showing the weakest reaction, as far as prices are concerned, there
are essentially those which absorb little material costs. One should mention here
mainly education, public administration and defence and health care services.

Table 5 shows changes of prices for major categories of final demand, as
well as global output. Differences among the rates of growth can be explained,
firstly, by differences in expenditure structures across categories. The second
reason is, that to evaluate global output basic prices are used, while for the de-
mand - final prices. The highest price increase is for investment, the lowest - for
government consumption. In general, introducing import tax would rather have
unfavourable impact on investment conditions, since relation of prices of in-
vestment goods to prices of consumption would worsen. The increase of prices
is also comparatively high for exports. On the other hand, however, import tax
seems an attractive source of budget revenues. Government consumption be-
comes relatively cheap, meaning that besides direct outcome in a form of tax
revenue increase, additional redistribution effect appears.

5.2. Simulation 2 - VAT adaptation to the EU standards
In the second experiment, effects of the VAT rate changes are analysed. The

point of changes is limiting the range of reduced and zero rates (e.g. in construc-
tion and agriculture). The major changes in VAT rates are pointed out in Table 6.



Table 6

Major forthcoming changes in VAT rates in Poland (rates in %).

Products and services Current rate New rate
Agriculture 3 7
Means of agriculture production 3 7
Construction 7 22
Materials for construction 7 22

Source: Own calculations.

To set proper values of t, for simulation, new reference rates were calcu-
lated (see the previous section) taking into account the planned changes. Calcu-
lating differences between these rates and the old reference rates (see Table 2),
leads to finding the necessary adjustments of /, in the simulation. The adjust-
ments are presented in Table 7. Tables 8 & 9 show results of simulation 2.

In the case of VAT increase, price changes are predominated by direct ef-
fects, visible in final prices. However, a slight reaction of basic prices can also
be observed - generally being at the level of 0.1% - 0.2%. For products and
services fully exempted from VAT this reaction is reasonably stronger. For ex-
ample, growths of basic prices of fishery products exceeds 1%, while for public
administration and defence, education, as well as publishing and printing, these
rates are close to 0.5%. As far as aggregate categories are concerned, it is con-
sumption that goes up the highest, for other categories, price reaction is very
slight. Again, as in the case of import tax, the state budget additionally benefits
from relative price changes, but the cost this time is not transferred neither to
investment nor exports.

Table 7

Changes of VAT rates in simulation 2 (in percentage points)

/ Products and services Changes of VAT rates
1 Agriculture and forestry 7.0
9 Wood 4.3
1 Publishing and printing 2.3
13 Chemicals 0.1
15  Other non-metallic 9.3
16 Metal 0.8
17 Metal products 6.5
18 Machines 0.5
25  Furniture and other goods 0.3

27 Construction 15.0
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Results ol'simulation 2. Rates of growth of prices (in %)

Products and services

Agriculture and forestry
Fishery

Mining

Food

Tobacco

Fabrics

Textile

Leather

Wood

Paper

Publishing and printing

Petrol

Chemicals

Rubber and plastic

Other non-metallic

Metal

Metal products

Machines

Office machines and computers
Electric machines

Radio and TV devices

Medical and optical devices
Motor vehicles

Other transport equipment
Furniture and other goods
Recycling

Electricity, gas, water
Construction

Hotels and restaurants
Financial services

Business and real estate services
Public administration and defence
Education

Health care and social security
Other services

Repair

Transport, storage, communication

Source: Own calculations.

Basic prices
(domestic)
0.0
11
0.1
0.1
0.1
0.0
0.0
0.1
0.1
0.0
0.5
0.0
0.0
0.0
0.1
0.1
0.2
0.1
0.0
0.1
0.0
0.1
0.2
0.1
0.1
0.1
0.0
0.1
0.0
0.2
0.1
04
0.4
0.3
0.1
0.0
0.0

Final prices
(domestic + imported)
7.0
0.9
0.0
0.1
0.1
0.0
0.0
0.0
3.8
0.0
2.7
0.0
0.1
0.0
8.3
0.7
5.7
0.5
0.0
0.1
0.0
0.1
0.1
0.1
0.3
0.1
0.0
14.2
0.0
0.1
0.1
0.4
0.4
0.3
0.1
0.0
0.0



Table 9

Results of simulation 2. Rates of growth of aggregate prices (in %)

Categories of final expenditures + global output Price change
Private consumption 17
Government consumption 0.3
Investment 0.1
Export 0.1
Global domestic output 01

Source: Own calculations.

It can be stressed that in the case of increase of the considered VAT rates
(agriculture products, construction services, materials for agriculture, materials
for construction, publishing and printing products), the role of indirect cost-push
effects in price formation proved rather insignificant. It means that VAT on
these particular products have little share in the non-deductible VAT in the
economy and can be mostly deducted by producers, being rather lucky coinci-
dence as far as inflation in Poland is concerned. One should have in mind, how-
ever, that the currently proposed procedure of purifying input-output table of
VAT is imperfect and may lead to underestimating the role of non-deductible
VAT in formation of basic prices. Thus, this is the main indication the main
point in further development of the price model.
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Jakub Boratynski

ROLA PODATKOW POSREDNICH W PROCESIE KSZTALTOWANIA CEN -
MODEL DLA POLSKIEJ GOSPODARKI

Podstawowym celem opracowania jest sformutowanie wielosektorowego modelu
odzwierciedlajgcego wptyw podatkéw posrednich na ceny w polskiej gospodarce. Sta-
nowi on rozszerzenie standardowego modelu cen typu input-output. Model ten pokazuje
wzajemne zaleznosci cen produktéw poszczeg6lnych gatezi gospodarki, wynikajace
z oddziatywania na koszty produkcji.

Poza konstrukcjg modelu omawiany jest problem uzyskiwania jego parametréow
w oparciu o tablice przeptywéw miedzygateziowych. Proponowana jest metoda dekom-
pozycji tej tablicy, prowadzaca m.in. do uzyskania efektywnych stawek poszczeg6lnych
podatkéw posrednich. Omawiana jest m.in. procedura szacowania cze$ci podatku od
towarow iustug (VAT), ktéra nie podlega odliczeniu przez przedsiebiorcédw.

Skonstruowany model wykorzystywany jest do analizy skutkéw ewentualnego
wprowadzenia 5-procentowego podatku importowego, a takze do oceny skutkéw dosto-
sowania stawek VAT do wymog6éw Unii Europejskie;j.



