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INTERNATIONAL INPUT-OUTPUT CONFERENCE IN
BALATONFURED

CSAK LIGETI
Hungarian Central Statistical Office, Budapest

The International Input-Output Association (IIOA) and the Hungarian So-
ciety for Economic Modelling (HSEM) in co-operation with the Hungarian
Statistical Association and the Hungarian Central Statistical Office organized
a conference on “Inter-industrial Relations in Economic Modelling” in Bala-
tonfiired between 23-26 February 2000.

Back in 1998, the New York conference of the ITOA made clear that
researchers are looking for new implementation areas of input-output. Many
questioned the future of input-output for researchers, whether it can provide
anything new or is ‘only’ a very important, widely spread and used practical
method. The organizers of the Balatonfiired conference hoped to find an
answer to these questions.

The aim of the conference was to overview the main up-to-date economic
modelling methods and to discuss the forthcoming trends. The programme
committee (Maria Augusztinovics, Andrds Brédy and Tamés Révész).did
not limit the programme to conventional input-output topics. Other mod-
elling experiments, results were also presented which included input-output
a broader framework.

The conference was medium-sized, altogether there were 36 registered par-
ticipants of 10 countries. The relatively small number of participants gave the
conference a workshop-character. Out of 18 announced papers only one was
cancelled. The chairmen of the sessions managed to keep the presentations
in the desired time limit while they did not discourage anyone’s interest in
discussing, arguing. Participants regularly attended the meeting. It can be
said that the conference had a familiar and at the same time a constructive,
creative atmosphere.

Concerning the details: Mr. Sdndor Pdlfy, mayor of Balatonfiired held
the welcoming address appreciating the significance of the conference and
wishing good work and pleasant stay in the town and in Hungary. A short
presentation by Professor Ferenc Forgs (Budapest University of Economics),
the first president of the co-host Hungarian Society for Economic Modelling
was part of the opening ceremony. He spoke about the ten-year function of the
HSEM, emphasising the society’s work in sustaining modelling activity and in
maintaining its earlier appreciated level. He explained why the input-output
method preserved its up-to-dateness for 70 years. He listed the following
main reasons:

1. The problem that it addresses has been known for a long time and
no economist questions the relevance of the analysis of the sectoral
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interrelationships in a modern economy.

. The basic model and most of its variants are relatively simple, elegant,

and mathematically treatable.

. Statistical verification, though imposes a lot of problems, interesting

enough in themselves, is not out of reach as is the case with so many
elegant, theoretical models.

. Part of the model can be, and in a lot of countries has been incorporated

in the statistical system thereby producing long time series to study.

. It provides food for thought for a healthy mix of people: economists,

statisticians, mathematicians, computer scientists. It is a prototype of
a project where cooperation, teamwork and synergy are all part of daily
life and indispensable ingredients of success.

1st session

Chaired by JAN OOSTERHAVEN (Groningen University, Netherlands)

e EZRA DAVAR (Ben-Gurion University, Israel): Input-Output in the 21st

Century. He pointed out that although the majority of statistical offices
compile input-output tables, input-output analysis is usually not used
for the solution of meaningful economic problems. One of the reasons
—in his opinion— was the dissonance between theoretical input-output
analysis and real life economic activities. That is why input-output
analysis should develop and some directions for its perfection and ex-
tension should be suggested. Vivid debate followed this presentation,
which the chairman postponed to the closing round table discussion.
(The programme committee chose this paper to be presented first on
purpose, for they expected the atmosphere to be warmed up.)

ERNG ZALAI (Budapest University of Economics, Hungary): Economics
a’la Leontief versus von Neumann. The paper focused on the similar-
ities and the difference between the Leontief and Neumann model of
growth, then showed a general framework of dynamic economic models
from which both models could be derived and that made the conceptual
difference explicit.

PETER BUDAVARI (Ministry of Finance, Hungary): Adjustment of 1/0:
general RAS method

ERIK DIETZENBACHER, (Groningen University, Netherlands, co-author:
BART LoS): Structural Decomposition Analyses with Dependent Deter-
minants. Using the decomposition of value added growth as a prototype
example they examined the phenomenon of several determinants being
not independent. The paper indicated that dependencies may cause a
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bias in the results of decomposition analysis. An alternative to over-
come this problem was proposed, illustrated by macroeconomic data of
the Netherlands from 1972 to 1986.

e NIKOLAOS ADAMOU, (Aristotelian University of Thessaloniki, Greece,
co-author: GULAY GUNLUK-SENESEN): Labour Productivity Decom-
position: its Origin, Generation and Benifit Spillover. The Case of
Turkey 1978-1990. It was one of the most interesting papers. Start-
ing with the origin of industrial productivity (labour reduction and
output expansion) he examined the industrial generation and the ben-
efit spillover of productivity applying the similarity of production and
allocation activities in multi-sectoral linear systems. The model was
first applied to the Turkish —mnot to the Greek— economy, since Turk
statistical data are of far better quality.

2nd session
Chaired by ERNG ZALAI (Budapest University of Economics, Hungary)

o KORNELIA MURA-MESZAROS (Hungarian Central Statistical Office, co-
authors: MARIA FORGON, ZOLTAN NADUDVARI, LAszrL6 TELEGDI):
Compilation of the Hungarian IOT with Estimated Industrial Output.
The paper presented the input-output developing tasks in Hungary and
the efforts made in order to fulfil the ESA’95 recommendations. In 1998
there were several changes in the Hungarian statistical data collection
system benefiting the introduction of commodity flow. The procedure
of confronting the data, cross-checking and revision necessitates a con-
tinuous co-operation between macroeconomic and branch statistics.

e TAMAS TARJAN (Research Institute of Economics, Hungary): The Role
of Human Capital of Hungarian in its Integration to Europe {Jénossy’s
trendline theory: could it be applied to transitional country?)} He com-
pared Janossy’s trendline theory with some growth models and on the
basis of purchasing power parity data he tried to predict the macroe-
conomic prospects of Hungary and Central Europe.

e HELMUT MAIER (Berlin School of Economics, Germany): Using IOT to
Reflect Inter-industrial Relations of Investment Decisions (two recent
applications). A practically oriented paper presented two applications
of Leontief’s theory undertaken in 1999 at Berlin School and an other
one which made use of the R59 input-output table of Germany of 1993.

e UTz-PETER REICH (Mainz University of Applied Sciences, Germany):
Purchasing Power Parity as a Measure of Equality in World Trade. The
paper analysed the inequality of world trade using purchasing power
parities calculated by means of a Geary-Khamis index. It proved that
this method works in terms of an input-output framework.
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e TAMAs REVESZ (Ministry of Economic Affairs, Hungary): Accounting
for Demand-effects in Input-output Price-models. This model intro-
duced so-called reference prices. After the theoretical part the paper
presented the results of a plausible scenario for Hungary.

3rd session

Chaired by UTz-PETER REICH (Mainz University of Applied Sciences, Ger-
many)

e JIRINA LAPISAKOVA (Slovak Statistical Office, co-author: VIERA HAJ-
NOVICOVA): The Impact of Internal and External Disparities on Struc-
tural Changes in the Slovak Economy. The paper showed the develop-
ment of main macroeconomic indicators in Slovakia during the years of
transition (1991-1998). The analysis was based on two supply and use
tables for 1994 and 1996.

e MARIUS PLICH (University of Lodz, Poland): Fconomic-Ecologic Model
for Poland. The paper described the compilation of environmental data
with input-output tables for Poland. A special attention was given to
alr pollutants.

o SILvANA KUHTZ (Potenza University, Italy, co-author: CARMEN 12Z0):
Economy-Energy- Enviroment Analysis of Tourism-related Activities Us-
ing Input-Output Process Aproach. The input-output process model
(IOPM) was applied to the local supply chain of tourism related activ-
ities based in a recently established Italian Natural Park.

e ERzSEBET KovAcs (Budapest University of Economics, Hungary): In-
dustrial Development and Insurance Industry. Using several statistical
methods she presented that the insurance industry is still underdevel-
oped in the Central European region.

e JAN OOSTERHAVEN (Groningen University, Netherlands, co-authors:
GERARD J. EDING, DIRK STELDER): Cluster, Forward and Back-
ward Linkages, and Bi-Regional Spillovers: Policy Implications for Two
Dutch Mainport regions and Rural North. The paper described a con-
sistent framework to detect clusters of interrelated economic activity
and to evaluate both the regional and the national economic signifi-
cance of individual sectors and of the average sector per region, using
bi-regional input-output tables. The authors applied the methodology
to three Dutch regions that are especially important from a policy per-
spective.

4th session

Chaired by HELMUT MAIER (Berlin School of Economics, Germany)
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e ALEJANDRO CARDENETE (Huelva University, Spain, co-author: FER-
RAN SANCHO): Impact Assesment Using Accounting Matriz. An em-
pirical study on the role of the petro-chemical sectors in Andalusia
using a regional social accounting matrix (SAM). The paper showed
the decomposition of the extended multipliers in three categories of ef-
fects and the empirical analysis, which measured the impact on sectoral
total gross output due to the presence of the petrochemical industries
under different scenarios of final demand.”

o IL.ONA CSERHATI (ECOSTAT, Hungary): Fiscal Policy Analysis with
Macro Models. The ECO-LINE quarterly macroeconometric model of
the Hungarian economy is designed for short and medium term forecast-
ing and policy analysis. The presentation was illustrated by showing
some fiscal policy simulations.

Round table discussion

The round table discussion was the last momentum of the conference chaired
by ANDRAS BRODY. He praised Leontief’s initiative compared the approaches
of Leontief and Neumann, and encouraged the participants to refer to the
practical modelling, economic policy and educational aspects of the topic.
The following discussion dealt with many significant aspects of input-output.
Those intervening recalled the relevant thoughts of Slucki and Lange.

Some claimed that input-output cannot give room to new theoretical ideas
any more, and generally the interest in macro-models has decreased. It is hard
to attract students to this area, universities do not do enough to improve the
situation. (E.g., at the Budapest University of Economic Sciences there is
no compulsory course in economic statistics.) A question under discussion
was the long procession period (2-3 years) of statistical input-output tables,
how much it impedes the credibility of modelling, i.e., the adaptability of
input-output to problems of economic policy. It is doubtful to what extent
politicians and decision makers rely on existing models.

The majority of the participants (including N. Adamou, I Maier, A. Bré-
dy, M. Augusztinovics) were more optimistic in the judgement of the present
and future of input-output. It is obvious that input-output itself does not
provide much new ground for theoretical research, but an increasing number
of new application areas emerged. Its system of interdependence is included
in almost every complex economic model. An interesting new phenomenon
is that more and more researchers of analogous areas attend input-output
conferences, since the organic way of thinking, which is induced by input-
output, encourages the analysis of logically similar problems not described
by input-output.

The chairman closed the conference with an affirmation of the survival of
Leontief’s conception on interdependence and circularity.
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INPUT-OUTPUT MODELS FOR
ECONOMY-ENERGY-ENVIRONMENT ANALYSIS OF
TOURISM-RELATED BUSINESSES IN A NATURAL PARK

V. ALBINO - S. KUHTZ!
Politecnico di Bari, Italy — Universita dello Basilicata, Potenza, Italy

The analysis of relationships among socio-economic activities and the envi-
ronment is fundamental to plan a sustainable development. In the present
work an Input-Output (I-O) analysis based upon production processes is
used to estimate energy and material flows (including pollutants/waste) in
the supply chain of tourism-related activities based in a recently established
Italian natural park (Pollino natural park). Tourism is a sector of utmost
importance for present and future development policies of the park, there-
fore monitoring energy use and pollution levels in this sector can be useful
for the sustainable development of the area. In particular, flows of energy
necessary to lodging activities (hotel supply chain) are investigated and con-
sequent production of pollutants evaluated. An increased need of energy due
to the growth of tourism demand may cause an increment of pollution. The
I-O model formulated herein enables to examine the local supply chains of
the main lodging companies already existing in the park, and allows to bal-
ance positive and negative impacts caused by future tourism development
and economy-energy-environment interactions.

1 Introduction

The economic impact of tourism-related businesses is remarkable. The World
Travel and Tourism Council (The Economist, 1998) estimates that the total
1996 economic value of goods and services attributable to tourism was 10.6%
of the gross global product. In 2000 Europe holds still the 50% of the whole
market (Il Sole 24 Ore, 2000). In Italy the economy linked to tourism repre-
sents the 5.7% of the added value, the 11% of total consumption and counts
above 1 million and 600 thousand employees (Beato, 1999). The importance
of tourism as an area of academic investigation (see for example, Gonzales
and Moral 1996; Borooah, 1999) stems in fact from the large contribution
that it makes to the national income of several countries and the poten-
tial that it offers for generating output and employment growth. Generally,
these studies deal with two main aspects: demand growth and infrastructure
growth. In fact, the development of tourism-related activities may push lo-
cal development and in particular that of rural areas with employment rates

1Corresponding author. Address: DIFA, Universita della Basilicata, Cda Macchia Ro-
mana, Potenza, Italy. e-mail: kuhtz@unibas.it
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much lower than the national averages, i.e. almost all the Mediterranean
area. But unplanned development of tourism may spoil the nature, so the
question about environmental aspects (e.g., increased pollution and waste
materials) arises.

Sustainability has gained considerable momentum as the main basic ground
for development programs (Kyoto Protocol, 1997) and recently within this
framework new forms of tourism-related activities have started to grow, i.e.
sustainable tourism.

The problem deepens when these activities are based in natural parks
where it is necessary to protect the environment, to favour local socio-economic
development and to keep traditions alive. It is then strategic to plan the de-
velopment of tourism-related businesses in a natural park in the more general
and cogent framework of a sustainable development that complies with cer-
tain constraints (Migliorini et al., 1999). Besides, parks themselves should be
considered as models and laboratories of a global sustainable development.
They prove that it is possible to develop profitable activities (also based
upon naturalistic values) and at the same time to protect the environment
(Giuntarelli, 1998). To put sustainable development into practice it is neces-
sary to explore how economic and social activities interact with the environ-
ment and influence each other. In particular, relationships among economy,
energy and environment (Uno, 1998) and the policies for local development
should be analysed although their investigation may be very complex. In
the face of such complexity, models based upon input-output approach may
provide tools that allow to deepen the understanding of flows relationships
both in micro-scale and macro-scale regions (Ayres, 1978).

In this paper, the I-O approach as proposed by Albino et al. (2000), is
applied to the supply chain of tourism-related activities to analyse the impact
on the environment of material and energy flows entailed by tourism-related
processes located in a natural park and to plan in advance which tourism-
related activities and which type and intensity of such activities may be
allowed.

2 Input-output models for supply chains

Input-output technique has been typically used to analyse the economic struc-
ture of regions in terms of economic flows between sectors (Leontief, 1951).
Herfindhal and Kneese (1965) approached the resource/environment inter-
face from an economic perspective. Later Cumberland (1966) suggested the
extension of conventional I-O models to incorporate environmental factors in
analysing regional development strategies. Leontief (1970) published a for-
mulation of the extended I-O model to include both residuals generation and
abatement activities.

Input-output can also be used for enterprises (termed Enterprise Input-
Output (EIO)). In Italy, for example, a project was developed to forecast at
a sectoral level the macroeconomic effects of the Italian conglomerate IRI,
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on the Italian economy and especially on southern Italy regions. Through
[-O techniques TRI's internal structure and its influence on the outside was
studied (La Noce et al., 1993).

Recently, Lin and Polenske (1998) used an input-output approach for
enterprises based on production processes, where the production system of
a company is composed of interrelated production processes that combine
factor inputs to produce outputs, and developed a specific I-O process model.

Using a similar approach Albino et al. (2000) have formulated input-
output models to map production activities, to interrelate and estimate flows
of energy and materials, including use and consumption of fuels and produc-
tion of pollutants within supply chains. Defined a production process as the
transformation of input flows in output flows, both global and local supply
chains have been modelled therein. In particular, a global supply chain was
considered as the network of processes that procure raw materials, transform
them into intermediate goods and then final products, and deliver the prod-
ucts to customers through a distribution system. For a given supply chain the
relationships among all processes (global) as well as among processes located
inside (local) and outside a given area can be analysed and modelled.

Consider a given geographic area and the supply chain related to a final
product. The input-output approach can be used to analyse the flows (of raw
materials, energy, products, pollution, imports and exports) relative to the
chosen supply chain that take place inside the region, or which, at the most,
cross its borders. This is the case of a local supply chain.

In this case, the model permits to investigate local processes interdepen-
dencies as well as the relationships among local processes and processes of
the supply chain directly connected to them through the border line.

The input-output approach based on production processes, as described
in details in Albino et al. (2000) can be used: i) to recognise functional
relationships among flows of processes in a local supply chain, ii) to determine
the processes that contribute more to environmental pollution, and, iii) to
evaluate how one can change the input mix or the imports rate (for instance of
energy sources) in order to respect environmental constraints (e.g., to reduce
pollution, keeping other output flows constant).

3 Input-output model for tourism-related busi-
nesses

Any tourism-related business can be described as a supply chain. It can be
composed of a variety of processes which can be treated as the production
processes described in the previous section and represented via physical flows
as in Figure I where a simplified two processes supply chain is presented;
hoxes represent processes and arrows represent flows.

For example, to give accomimodation (and other services for tourism) is
herein considered a process that produces outputs (e.g. tourists accommo-
dated per year) due to various inputs (e.g. energy inputs to run the activity,
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tourists that look for accommodation, food, etc.). All the typical hotel pro-
cesses which range from accommodation to catering, all the processes needed
to produce food (e.g., bakeries, dairy farms), guides, banking services and
other activities are systems that produce main product outputs due to var-
lous inputs. In order to have a tool simple to use a main hypothesis is set:
only one main product (X;) per process is allowed.

Pollution output Pollution output
PROCESS P | PROCESS |
1 Main Product 1 output/input 2 Main Product 2 output

ENERGY INPUT ENERGY INPUT

Figure 1. Simple scheme of a two-process supply chain

In particular, the supply chain of a hotel which provides accommodation
in a natural park can be effectively analysed using a specific input-output
process model.

"The following notation is used in order to write balance equations for the

different flows. Z;; indicates the main product output of the i-th pr ocess, Z;;
i # j is the fraction of the i-th process output to the j-th process, Y; is the
fraction of the i-th process output which may be sold outside the local supply
chain (final output), Py; is the purchased input (e.g., raw materials) of type
k to the j-th process, M;;, is the import of the same main product produced
by the i-th process to the j-th process, Wy, is the output of by-products
and unwanted materials (i.e. waste, pollution, by-products or energy and
materials residuals generated in production processes) of type k to the J-th
process.

In matrix notation:

Z = [Z;;] = Production and intermediate consumption of main products;
A = [Ayj] = Direct input-output coefficients for main product outputs;
.P = [Py;] = Purchased inputs;

W = [Wk;] = Output of by-products and unwanted materials;

X = [X;] = Z;; = Gross output of main products;

Y=X]=X ; Zi; = Final output of main products;

M=M= >; Mi; = Total imports;

P=[F)=% ; Flj = Total consumption of purchased inputs;
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W = [W,] = Y, Wy; = Total output of by-products/waste;
V = [Vi;] = Primary inputs (in this work k = labour employment);
V = [Vk] = 3_; Vkj = Total labour employment required.

It is possible to estimate direct input-output coefficients A;;, referred to
all the input main products of type 7. For i # j the direct input-output
coefficient A;; can be defined as the ratio of the total input, sum Z;; + M;;
(if there are imports) to the total output of the j-th process. A;; can be
estimated using actual data related to a given supply chain; in the model it
is assumed constant over time (i.e., the input requirements for each process
are assumed to be an unchanging characteristic of the production technol-
ogy)- So, if the gross output of the j-th process X is considered, the direct
coefficient can be expressed as:

Zij + My; = Aij X (1)
and in matrix notation:
Y+M=A4-X

let A;; equal to one. Also purchased inputs (e.g. energy inputs, raw mate-
rials), pollution outputs and primary inputs (i.e., labour employment) can
be expressed in terms of direct input-output coefficients, By;, as the ratio of
input Py; to the total output of the j-th process, C;, as the ratio of output
W, to the total output of the j-th process, Dg; as the ratio of input Vi, to
the total output of the j-th process, respectively:

Vk,Vg ij = BA,J'XJ'; ij = ijXj and V/cj = ijXj ; (2)
In matrix notation they become, respectively:
P=B-X W=C_C-X V=D X,

where:

B = [By,;] = Direct input-output coefficients for purchased mputs;

C = [Cy;] = Direct input-output coefficients for by-product and waste out-
puts;

D = [Dg;] = Direct input-output coefficients for labour employment.

As described in the next section, the model is applied to study functional
relationships among flows and then in particular to evaluate the new amount
of energy inputs needed when the final demand is changed. Also, how to
satisfy the demand of final product with a different mix of energy sources in
the respect of given waste/pollution constraints can be analysed.
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4 Case examples

The case examples deal with tourism-related businesses located in an Ital-
ian natural park, the Pollino Natural park, situated between Basilicata anc
Calabria, regions in the South of Ttaly. The park extension is of about 1930
kin? and it is the largest natural park in Europe. Large forests characterise
the Park whose average height is about 1000 m. The area has suffered from
the increased urbanisation in the seventies, before the natural park was es-
tablished (November 1993).

From the economic point of view, tourism-related businesses are consid-
ered essential for the local development. Hence, in the economic plan of
the park (in the developinent phase) supply chains related to tourism activi-
ties are taken into consideration to enhance their efficiency and effectiveness.
However, the planners have to take care of the environmental impact of such
businesses. In particular, energy sources and pollution seem to constrain size
and location of hotels, restaurants, laundries, etc. The model is applied in
the following sections to support both accounting and planning activity.

4.1 Accounting

A simplified supply chain whose final product is the lodge service is modelled
as a network of processes. In Figure 2, the scheme of materials and energy
flows is drawn. The input-output technique described in the previous section,
used herein as an accounting tool, is applied to processes 1 to 3, all located
in the park area and described in Table I. They compose a supply chain
related to basic accommodation activities.

Process Main product output in a year

1 - Laundry located in the park area Number of cleaned linen modules

2 — Lodge Hotel (it provides accommodation) | Number of beds let.

3 — Transport service Number of linen modules transported
19 - Laundry not located in the park area Number of cleaned linen modules

Table 1. Processes and relative main products for the case example in Figure 2
The following hypotheses are set:

i) Only flows represented in Figure 2 are accounted for (e.g., transport
service needed for the outside Laundry is not considered);

ii) The model parameters are estimated on the basis of a specific supply
chain. Data are collected through interviews with the process owners.
Each process is assumed to be statistically representative of processes
embedded in similar lodge hotel and laundry supply chains located
in the park. In case the processes performed by other lodge-hotels,
laundries, and transport services are equal to those analysed herein
increasing the number of beds let per year means increasing the number
of hotels, laundries and lorries actually used;
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iii) Linear proportionality between the number of beds let (i.e., tourists who
spend the night in the area) and the quantity of inputs and outputs of
the processes is assumed;

iv) Imports of cleaned linen from the laundry process located outside the
park, process 19, are considered. Because they are imported products
equal to the main products produced by the internal Laundry, the flow
Moo is termed Mig and it contributes to the direct coefficient Ajs (as
explained also hereafter).

Based on Figure 2, and upon the notation given in section 3, Table 2
presents balance equations of material/energy flows written for process out-
puts, purchased inputs, pollution outputs, imports and labour employment.

| Outside ] _: Imﬁ::‘lr;rc‘:f cleaned
.] Laundry
'{ Process 1° ‘ M12
———— T N P
peikboundey, ___——— —a \\
—— Poliution Pollution \\
CO;, NOy, PST CO,, NO,, PST ¢
Y1
. YZ
Laundry =2 . = Lodge Hotel i
Zyy Cleane ]
Process 1 >: linen }—7-12 —®| Process 2 I :Jzurisls
A y
.\z31 _ /
LABOUR e
LABOUR
Gas for heating as for heating

Electric energy Zss Service | Electric energy

e

3

Pollution <—
CO,, SO, NO,, PST

Transport

Process 3

Diesel Qil
LABOUR

Figure 2. Simplified supply chain in the present situation



74 V. Albino, S. Kiihtz

Z1n+2412+0 =Y
Process outputs O+ Zog+0 =Y
Z31+0+2Z33 =Y3

Pel+Pe2+O =Pe
Pw1+Pw2+O =Py,

Purchased inputs Pp+Pp+0 =P,

0+0+4+Pp3 =Pp
Weo21 + Weose + Weo2s = Weoz
1 040+ WSozS e WS
Pollut {tput ox
oTutlon putpuls Wnozt + WhNoz2 + Whozz = Wnoa

Wpst1+Wpsto + Wpsrs = Wpsr

Imports of main product Mg = Mg = My

Labour employment Vei+ Ve + Vg =Vg

Table 2. Balance ecuations based on flows in Figure 2

A= Z11/Z51 | Are = (Zio + M)/ Zop | A1z = Z13/Z33
Agt = Zo1/Zn Aog = Zaa[Zo2 Aoz = Zo3 /%33
Az1 = Zg/Z1 Agp = Zga/Zan Asz = Z3a[Zaa

Table 8. Direct input-output coefficients A,,

In particular, the direct coefficients are presented in Table 3. It should
be noticed that when imports of main products occur they contribute to the
direct coefficients referred to main products (and not to each input flow).
Note in particular coeflicient Ay where both Z15 and My, appear.

In Tuble 4 are shown the present data (in physical units) for the three
process hotel supply chain illustrated in Figure 2. They are distributed in five
sections: main products, main product imports, purchased inputs, pollution
and labour employment. Main Products of Process 1 are measured in cleaned
linen modules, as they are generally called. The last line of the table is a
recall of the main products of each process and is comprised of the diagonal
elements of the matrix of the first section.

Each row in Table 4 describes production (positive nunber, i.e., produc-
tion of pollution, or of main products) and consumption (negative number,
i.e., use of energy) of main products, purchased inputs, pollutants. For ex-
ample, the third row in the main products section describes the use of the
transport service: 1800 modules transported are the service offered (pro-
duced) and —1800 modules are transported to and from (i.e., consumed by)
the laundry in the park.

Each columnn provides information on inputs and outputs for each produc-
tion process. For example, to transport 1800 modules per year the transport
process (process 3) consumes 925 litres of diesel oil, produces 2430 kg of COa,
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3.41 kg of SO,, 10.08 kg of NO, and 1.94 kg of solid particles (PST) and

needs 5 employees.

75

In this way, a complete accounting of the local supply chain model con-
sidered in this section is given in Table 4.

Process 1 | Process 2 Process 3 Final Output /
Laundry Lodge Transport Total Demand
Hotel service
Main Products Zi; Y;
Laundry: 1 cleaned N
linen module per bed Y my L Bn=0
Locge Hotel: 0 1200 0 Y = 1200
beds let
Transport service: -1800 0 1800 Ys=0
transported modules
Main Product Import Af;; M;
o L+]
External Laundry, 1°, 0 -300 0 M; = —300
cleaned modules
Purchased Inputs P Pr
Electric energy [kWh] - 3600 - 5770 0 P = —9370
Wood [ke] 0 - 20000 0 Py, = —20000
Heating gas [Nmc] - 231 - 1385 0 P, = —1616
Diesel oil [1] 0 0 - 925 Pp =—-925
Pollution® [kg] Wy, Wi
COgq (wood) 0 19000 0 Wuw,co, = 19000
CO2 (heating gas) 444 2659 0 W,.co, = 3103
COq2 (diesel vil) 0 0 2430 Wp co, = 2430
COgq (total) - = - Weo, = 24533
SO, (wood) 0 4 0 W .50, =4
SO« (heating gas) 0 0 0 Wy so, =0
SO, (diesel oil) 0 0 3.41 Wb so, =3.41
SO (total) - - - Wso, = 7.41
NOz (wood) 0 26 0 Wy No, = 26
NO, (heating gas) 0.578 3.46 0 Wy no, = 4.04
NO, (diesel ovil) 0 0 10.08 Wp no, = 10.08
NO, (total) ~ = - Wno, = 40.12
PST (wood) 0 346 0 Wy, psT = 346
PST (Lieating gas) 0.028 0.169 0 W, pst = 0.197
PST (diesel oil) 0 0 1.94 Wp, psr = 1.94
PST (total) - - - WPST = 348.1
Labour employment Vi, ;
Number of 3 _5 _3 Vg = —11
employees
Process Main 900 1200 1800
products modules bedls let transp. linen

* BEmission Factor values sources: US-EPA & OAQPS (1998)

Table 4. Flows balance table, accounting of the present situation

4.2 Planning

In this section the model is used as a planning tool for the same supply chain
of Figure 2, in two limit cases:
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1. Case B: no imports of cleaned linen, M, allowed, i.e., process 1 produces
all the needed linen (see Table 5);

2. Case C: cleaned linen only imported from a laundry external to the
park area, (see Table 6).

As expected, comparing with the present situation (Table 4), in case B
pollution emissions in the area increase, but also labour employment (by two
units); in case C pollution emissions decrease because are only those due to
process 1, therefore this alternative may comply better with sustainability
issues, but labour employment decreases by more than half when compared
to the present situation.

For the assumed proportionality, these values double if an increment by
two of the final demand is considered.

Because as stated previously both environmental and economic impact
are equally essential for the park development, a case example that allows to
plan a pollution decrease and an employment increase (when comparing with
the present situation described in section 4.1) represents the ideal scenario
to be pursued, this is called Case D.

Process 1 | Process 2 Process 3 Final Output /
Laundry Lodge Transport Total Demand
Hotel service
Main Products Z;4
Laundry: 1 cleaned -
linen module per bed Ly —1200 D =0
Lodge Hotel: B
beds let 0 1200 0 Yo = 1200
Transport service: 9400 0 2400 Ya=0
transported modules
Main Product Imports M4
N " 5]
External Laundry, 19, 0 0 0 0
cleaned modules
Purchased Inputs Py
Electric energy [kWh] P, = —10570
Wood [kg] Py = —20000
Heating gas [Nmc]| Py = —-1693
Diesel oil []] Pp = —1233
Pollution* [kg| Wy
CO2 Weco, = 25488
SO4 Wso,, = 8.55
NO. Wno, = 43.67
PST Wpgy = 348.8
Labour employment Vp,;
Number of _4 _5 4 Vi, = —13
employees
Process Main 1200 1200 2400
products modules beds let transp. linen

* Emission Factor values sources: US-EPA & OAQPS (1998)
Table 5. Case study B, with same supply of lodge service as in Table 4, and no Imports
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Process 1 | Process 2 Process 3 Final Output /
Laundry Lodge Transport Total Demand
Hotel service
Main Products Z;;
Laundry: 1 cleaned
linen module per bed o g g %=
Lodge Hotel:
beds let 0 1200 0 Y2 = 1200
Transport service: B
transported modules 9 g g =0
Main Product Imports My
IExternal Laundry, 19, _
cleaned modules g il g Mz = —1200
Purchased Inputs Py;
Electric energy [kWh] P. = =5770
Wood [kg] P, = —20000
Heating gas [Nmc] P, = —1385
Diesel oil []] Pp=0
Pollution* [kg] Wy,
COs Weo, = 21659.2
SOz Wso, =4
NO, Wyo, = 29.46
PST Wpst = 346.17
Labour employment Vr,;
Number of
0 -5 0 Vi, =-5

employees
Process Main 1} 1200 0
products modules beds let transp. linen

* Emission Factor values sources: US-EPA & OAQPS (1998)
Table 6. Case study C, with same supply of lodge service and only Imports M,

The strength of the model is in fact that it may also help examine alter-
native options to produce energy in a cleaner way. For example, substituting
the natural gas boiler and the wood fireplace used in case B, with solar pan-
els, case D, results in emissions reductions. This is evident when comparing
the results presented in Table 5 with those in Table 7.

Moreover, comparing the present situation, Table 4, with Table 7 again,
which corresponds to no imports and solar thermal panels, shows that an
increment in the production of the laundry process requires two additional
labour units, and decreases emissions. See Table § for the comparisons.

Further development of the model takes account of another primary input
in Table 3, indicating capital costs. So, accounting for financial costs, the
model serves as a tool to support investment decisions when substituting
tracitional energy technologies in favour of sustainable ones. In fact, it is
often difficult to examine alternative pollution control measures and evaluate
costs and returns of environmental quality improvements.

Furthermore, because conventional enterprise accounting systems record
little (or none) information on environmental performance it is difficult to
control and to incentive the minimisation of environmental pollution. These
models based on input-output techniques can help. In fact they allow to take



78 V. Albino, S. Kiihtz

account of the non-used or non-desired energy outputs, and to decide how to
reduce or reuse some portions.

Process 1 | Process 2 Process 3 Final Output /
Laundry Lodge Transport Total Demand
Hotel service
Main Products Z;;
Laundry: 1 cleaned
linen module per bed 200 —1200 0 Yi=2Zu+212=0
Lodge Hotel:
beds let 0 1200 0 Yy = 1200
‘Transport service: —
transported modules 2200 0 2400 ¥a =0
Main Product Iimports M;;
o

External Laundry, 1°, 0 0 0 0
cleaned modules
Purchased Inputs Py
Electric energy [kWh]| P, = —10570
Wood [ke] Py =0
Heating gas [Nmc] P, = —1462
Diesel oil [I] Pp = —1233
Pollution® [kg| W;;
CO, Woo, — 6045
SO0, Wgp, = 4.55
NO Wxo, = 17.08
PST Wpgr = 277
Labour employment. Vy,,
Number of 7 _5 _a Vy = —13
employees
Process Main 1200 1200 2400
products modules beds let transp. linen

* Tmission Factor values sources: US-EPA & OAQPS (1998)

Table 7. Case study D, no Imports M and solar panels

Case studies

Accounting, B C D
present no Imports M | only Imports M | no Imports M,
situation solar panels
Pollution produced [kg]
Total CO2 24533 25488 21659.2 6045
Total SOx 7.41 8.55 4 4.55
Total NOx 40.12 43.67 29.46 17.08
Total PST 348.1 348.80 346.17 2,77
Labour
Total number
of employees 11 13 5 13

Table 8. Summary and direct comparison of the four cases considered
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5 Conclusions

The input-output approach described herein is based upon processes and
their input-output relationships. This is used to develop a specific model for
the hotel supply chain located in a natural park area recently established in
South Italy whose economic development plan accounts for tourism as the
main economic activity to be expanded for future development of the area, as
long as it complies with sustainable development issues. Tourism increased
demand may present some drawbacks because the new need of energy may
increase pollution. The input-output model presented in this work is very
easy to implement and flexible and allows to evaluate the environmental
impact of the main lodging companies already existing in the park. Also,
as a planning tool it allows to estimate the effects of environmental and
energy constraints on production processes and to examine alternative energy
sources use. Many environmental problems may in fact be solved with a
higher degree of self-sufficiency at local level, and higher use of renewable
energy sources.
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LABOR PRODUCTIVITY DECOMPOSITION:
GENERATION AND BENEFIT SPILLOVER
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Industrial sectoral productivity may be decomposed into the causes behind
its generation, labor reduction and output expansion. Another decomposition
may be in its induced, direct and indirect components using the Taylor ex-
pansion of output. Such a decomposition may be applied to production and
allocation of gross output. Production indicates the generation and alloca-
tion the benefit spillover of productivity. Each round of Taylor’s expansion
indicates identical overall productivity in both activities that differs in terms
of its decomposition. The change and the magnitude of productivity are ex-
amined in a comparative aspect. Furnished empirical evidence is based on
Turkish interindustry data.

Journal of Economic Literature Classification Numbers: C67, D57, 047

Keywords: Input-Output, Labor Productivity.

1 Methodology

Labor productivity () of a given sector (j) is measured as the gross output
(2) produced by a unit of labor (L)* at a given time (t), as:

T =u;/L; or = (L)y"'x (1)

Gross output of sector (5) is generated by a process involving the interdepen-
dence among all sectors in the economy in terms of the direct and indirect
inputs of this sector, that are sales from other sectors, the sectoral final use
and value added. Defining A as the direct input requirement matrix (value
of purchases per unit of output), B as the direct output allocation matrix
(value sales per unit of output), y as the column vector of final use, and vl
as the row vector of value added, then gross output is:

x=[I-A]"ly or xT =vT[1-B]™! (2)

In accounting terms, gross output is viewed either as intermediate output
and final use, x = Xi 4y, or as intermediate input and value added, xT =

INadamou@econ.auth.gr
2pulaygs@istanbul.edu.tr
3(L) indicates a diagonal matrix.
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i"X 4-vT. In analytical terms, the interdependence among various sectors in
terms of gross output may be broken down into the induced, Iy, direct, Ay,
and indirect, A*y = A%y + A3y ...+ A™y, components of the production-
final use approach as

x=[I-Al"'y=Iy+Ay + A%y + A3y +... + A"y (3.1)
or equivalently, the allocation-value added approach as
xT =vII - B '=vTI+v'B +vIB? + vIB® +... +vTB" (3.2

with the induced, vTI, direct, vI'B, and indirect compouents* vI'B* =
viB2 +vIB3 + ...+ vTB".

Sectoral productivity 7 then may be analyzed (column-wise) by substi-
tuting gross output with the various rounds of production process as they
relate labor to final use, direct and indirect input requirement aspects of
gross output as

7= (L) 'Iy) + (L) 'Ay) + (L) 'A’y + ...+ (L)T'A™Y)  (41)

or (row-wise) by relating labor to value added, direct and indirect allocation
aspects of gross output, as:

m=(vIIL)™) + (vTBIL)™) + (vIBAHL) ' +... +vIBML)Y) (4.2)

Although there is not a one-to-one correspondence between respective vector
elements defined in (4.1) and (4.2), the sectoral summation, on the left hand
side of the equations, i.e. the respective column (4.1) or row (4.2) elements
are the same. Tuble 1 shows productivity rates of the Turkish economy for
the 1990 based on the (4.1) and (4.2} formulas.

Induced productivity may be seen either from its final use or value added
point of view. Although there is a balance between the two approaches, varia-
tions exist between the two aspects of their decomposition. Productivity rate
induced by final use ((L)~'Iy) measures the final use part of gross output
per sectoral employment. The direct input requirement part of gross output
related to employment is the direct input productivity rate ((L) ! Ay), while
the indirect input requirement part of gross output related to employment
is the indirect input productivity rate ((L)~!A*y). The same value of gross
output x viewed from the allocation point of view provides the value added
induced productivity rate (vII{L)~!), the direct allocation (sales) produc-
tivity rate (vI B(L)~!), and the indirect allocation (sales) productivity rate
(vIB*{L)™).

The proposed methodology in this paper, although accepting the con-
ceptual difference between direct and total labor productivity, clarifies pre-
vious work® on the subject. Previously, direct sectoral productivity was

4The related discussion on p. 28 of Adamou (1995) and the numerical evidence in the
following sections refute the statement “Taylor’s ezpansion is an extreme implausible case
limited to uneven sector growth in allocation model” on p. 207 of Ousterhaven (1988).

5Panethymitakis A. (1993). The same results are reporfed in Creek in Panethymitakis
(1992) p. 61 and p. 69.
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measured as o« = 1/~ = x/L, and total productivity was evaluated as
n = i(L/x)[I — Al  Applying such measurements yield total productiv-
ity estimates (p. 86) lower than direct productivity (p. 83) estimates, imply-
ing negative indirect productivity for all manufacturing sectors of the Greek
economy for the years 1958, 1966, 1970 & 1980, as well as all manufacturing
sectors for 1970 for France, Germany, Italy, Holland and Belgium.

The clarified methodology associates sectoral total productivity to sec-
toral total gross output, and direct productivity to output that comes out
from direct requirement (allocation) coeflicients. Consequently, sectoral in-
direct productivity is associated to the sectoral indirect requirement (alloca-
tion) coefficients. As a result, in this study x/L = 7 measures total and not
direct productivity.

The assumed total productivity of previous work is the summation of the
column elements of the Leontief inverse premultiplied by the diagonal matrix
of the employment coefficients

p=ia-a =0 n (i ) (B )

This yields a suimmmation of ratios with different denominators that a com-
puter may add it numerically without an identification of this fact

Iy lo Iy la
—zZn+ —Zn ——Zi2t+ 22
Iy o T o

An algebraic summation of ratios however requires the same denominators.
In this case, the resulted formula

woliz11 + T1lazer  walizio + Talazeo
T1T9 T172
lacks of a meaning.
The rate of productivity change is measured by the natural logarithm of
the productivity ratio between two time periods,
T4+T
5
= ©)

)\t,t-I—T = log

while the annual average rate of labor productivity change for the period
weights the rate of productivity change by the length of the examined time
interval, as

ml,i'l'le.:t'l‘
)\ 10g /Ly
At gyt = ‘_;FE - Agopr = # . (6)

It is important to identify sectors with high labor productivity as well as
sectors with significant annual average rate of labor productivity change.
Furthermore, it is useful to decompose the average annual rate of pro-
ductivity change into average annual rate of productivity change due to em-
ployment reduction, and average annual rate of productivity change due to
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output expansion. Figure 2 depicts such a classification. There is an additive
relationship between the above two components

log L, —log Liyr _ logayyr — loga
Agpyq = 2L BT | DEINT- DB (6.1)

When attempting to compute average annual rates of productivity change of
the induced, direct and indirect elements of gross output of production and
allocation approaches, one must be careful since there is not additive principle
here that leads to the average annual rate of the overall productivity change.

A summary index for the examined period is provided utilizing the Maha-
lanobis distance. Mahalanobis distance is the distance of each point from the
multivariate mean (centroid) (Stevens, 1992, p. 39). Mahalanobis distance
takes into account the correlation structure of the involved data as well as
their individual scales, and it is calculated as:

di =\/a: — D75 ai - 7). (7)

where ¢; is the data of the ith row, § is the row of means, and S~' the
estimated covariance matrix. Since the extreme multivariate outliers can be
identified by the highlighting points with the largest distance values, it is
useful to identify the sectors where most of the productivity, productivity
change, output and employment occur.

2 An Empirical Perspective: Productivity in
Turkey

The 1973, 1979, 1985 and 1990 input-output tables for Turkey in constant
1973 prices of 23 sectors provide an empirical evidence for the above method-
ological arguments. The sectoral composition of the employment structure
does not show significant changes throughout the examined period. One of
the characteristics of the import substitution era is low employment gen-
eration due to capital intensive technology adoption in industry partly in
response to the high ratio of labor cost to capital cost. The liberal era pro-
duced a similar outcome regarding employment; suppressed real wages in the
early years have not encouraged a shift to labor intensive production. There
was indeed a manufacturing exports boom during the ’80s, but employment
generation in the manufacturing industry was lowest when compared to agri-
culture and services (Senses, 1990).

Table 1 provides the productivity rates for the last Turkish interindustry
table for 1990 based on the formulas (4.1) and (4.2). The ranking of industrial
sectors is based on the magnitude of the overall labor productivity rate. The
overall productivity rate is decomposed into the productivity rate induced by
final demand, productivity rate of direct purchases and productivity rate of
the indirect purchases from one side and into the productivity rate induced
by value added, productivity rate of direct sales and productivity rate of
indirect sales on the other.
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(4.1) (4.1)
Total | Induced Direct Indirect Induced Direct Indirect
by Final Purchases Purchases | by Value Sales Sales
Demand Added
8 Oil Refining 0.887 | 0.041 0.499 0.346 0.740 0.107 0.040
5% 56% 39% 83% 12% 4%
5 Wood-Furnit. | 0.454 | 0.160 0.219 0.075 0.149 0.177  0.128
16  Other Manuf. | 0.369 0.315 0.037 0.017 0.264 0.065 0.040
17 Utilities 0.322 0.079 0.113 0.130 0.220 0.072 0.031
9 Rubber-Plast. | 0.279 0.109 0.102 0.068 0.169 0.072 0.038
3 Food-Bever. 0.259 0.186 0.050 0.023 0.100 0.102 0.057
11 Iron-Steel 0.253 0.046 0.132 0.076 0.146 0.068 0.039
7 Chemicals 0.241 0.113 0.072 0.056 0.143 0.064 0.034
14 Electrical M. 0.232 | 0.152 0.053 0.027 0.151 0.051 0.030
20 Transp Serv. 0.199 0.130 0.043 0.026 0.136 0.043 0.019
12  Metal Prod. 0.192 0.124 0.044 0.023 0.081 0.067 0.043
15 Transport V. | 0.170 0.091 0.050 0.029 0.079 0.051 0.040
13 Machinery 0.168 0.131 0.022 0.015 0.089 0.047 0.032
6 Paper-Print. 0.151 0.063 0.046 0.042 0.060 0.051 0.040
18 Construction | 0.126 0.126 0.000 0.000 0.064 0.036 0.026
4 Textiles 0.118 | 0.081 0.025 0.012 0.042 0.042 0.033
19 Trade 0.084 | 0.059 0.016 0.009 0.059 0.017  0.008
10 Glass-Cement | 0.081 0.014 0.059 0.008 0.043 0.025 0.013
23 Public Serv. 0.075 0.075 0.000 0.000 0.075 0.000 0.000
2  Mining 0.067 | 0.027 0.019 0.021 0.052 0.010 0.005
22 Pers Serv&H. | 0.065 0.041 0.015 0.009 0.054 0.008 0.004
21 Banking 0.053 0.005 0.030 0.019 0.038 0.011 0.004
1 Agriculture 0.029 0.018 0.007 0.004 0.022 0.005 0.002
Over All 0.078 0.050 0.018 0.010 0.050 0.018 0.010

Table 1. Sectoral Productivity Rates (z/L) in Turkey - 1990

Tt is noticeable that the distribution of sectors according to their produc-
tivity is skewed, with few productive, and other not very productive sectors.
The sector with the highest productivity rate is Oil Refining. Figures 1-A and
1-B provide the intertemporal view of the productivity rates of Oil Refining.
Figure 1-A presents the double view of the formation of productivity’s magni-
tude, while Figure 1-B reveals the percentage unit decomposition. The right
side of each figure presents the production (cost) aspect of productivity’s de-
composition while the left side the allocation (revenue) side. Production and
allocation aspects of the analysis are equivalent. The symmetrical similar-
ity of the two approaches (Adamou, 1995) resolves the discussion about the
plausibility of the supply side model in its relation to the original Leontief
ones. Since the value of gross output appears as revenue from sales (row
transactions) or cost from purchases (column transactions).

The productivity rate of Oil Refining [8] is outstanding, indeed quite
above average. This sector is highly capital intensive employing qualified
labor, and not only is the sector reflecting the highest productivity, but it
has larger productivity fluctuations as well. Labor productivity declines in
1979 and 1990, while it is much higher in 1973 and 1980. Total productivity
decomposition of Qil Refining from its demand side indicates that direct
requirements dominate the picture, holding from 47% to 56%.
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On the other hand, there is a significant increase of the indirect produc-
tivity from 28% to 39%, and reduction of the final use induced productivity
from 26% to 5%. On the allocation side, the high productivity in Oil Refin-
ing results in a significant portion of value added, that increases from 77% to
83%. A single common characteristic of the examined above sectors indicat-
ing high productivity is that all furnish a serious component of value added,
and all, with the exception of Oil Refining, have their highest productivity in
1990. This reveals that the change in economic policies did have an impact
on the sectors with the highest productivity.

Highly productive sector may not necessarily indicate significant produc-
tivity change, like Wood & Furniture [5] and Utilities [17]. Thus, we can
identify highly productive sectors from the above analysis, but the change
with respect to sub-periods calls for further analysis. Besides the fact that
productivity declined for Oil Refining, Oil Refining is still the sector with
the highest total productivity in all examined years, and the sector with the
largest average annual rate of productivity change. On the other hand, Rub-
ber & Plastics {9], Construction [18], and Other Manufacturing [16] turn out
to be those sectors with the highest productivity increases in the long run.
As noted above the sub-period 1973-1979 suffers from the hottlenecks due
to foreign exchange unavailability, which hit payments for petroleum most,
a commodity Turkey has to import for more than 75% of its consumption.
The recovery for Oil Refining during 1979-1985 is partly offset by declines in
the other subperiods.

Figure 2 syntheses the Mahalanobis distances of total productivity and
the Mahalanobis distances of annual rate of total productivity change over
the entire period under examination. Sectors Oil refining [8], Other Manufac-
turing [16], Iron & Steel [11], Rubber & Plastics [9] and Electrical Machinery
[14] are those with the higher overall productivity and at the same time
larger annual rate of productivity change. Although Wood & Furniture [5)
and Utilities [17] show high productivity they do not have significant produc-
tivity changes.
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The decomposition of average annual rate of productivity change into
the two aspects that contribute to productivity, output expansion and labor
reduction, shows that all sectors show significant gains in average annual rate
of productivity change with respect to output expansion, but not to labor
reduction (negative results). While Electrical Machinery [14] for example
had the highest change in productivity due to output expansion, it had the
second largest reduction in productivity rate due to labor increase. Utilities
[5), although the third highest sector in terms of productivity and the forth
sector in terms of average annual rate of productivity change due to output
expansion, indicates the highest (negative) rate of change in labor increase.

Figure 3 suminarizes average annual rate of productivity change of output
expansion and labor reduction in terms of their Mahalanobis distance. All
sectors do not indicate employment reduction as a source for productivity
change for the period 1973-1990, with the exception of Agriculture [1] for
the first two subperiods and Mining [2] and Food & Beverage [3] for the
last subperiod. The sectors with the most output expansion are Electrical
Machinery [14] and Other Manufacturing [16], while those with the largest
change in employment are Rubber and Plastics [9] and Oil Refining (8.

Figure 4 provides a different view of the above picture, focusing on the
annual average change of the labor productivity rates for the entire period
under examination. Data of the labor productivity rates and not the Maha-
lanobis distance based upon them are sorted in this picture from the largest
to the smallest overall annual average change in the labor productivity rate.
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The three general results of our step-wise type of analysis are as follows:
Firstly, dominant sectors in the economy in terms of gross output and em-
ployment are not necessarily high productive sectors. Secondly, dominant
sectors in terms of productivity () in selected years are not necessarily lead-
ing in productivity changes (A). Thirdly, sources of both productivity rates
and productivity changes might not be the same for the sectors. Depending
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on their significant roles as purchasers and/or sales of intermediate inputs
and/or as final use suppliers and/or value added generators, sectors have
differing impacts in the dynamics of the production system.

The findings of previous research on Turkish productivity are not di-
rectly comparable to this study (e.g., Aydogus, 1990; Eser and Eser, 1995;
Gunlik-Senesen, 1998; Ozmucur and Karatas, 1990; Senesen and Erol, 1995;
Yildirim, 1989). It should be noted that a general increase of productivity
in the economy is observed, mainly due to the increased capacity utilization
in the post-1980 era, with a downward investment trend, mainly in public
investments. Findings of Karakayali (1995) regarding total factor productiv-
ity change in the post 1980 era show that Oil Refining, Iron & Steel, Rubber
& Plastics and Electrical Machinery are significant sectors, Qil Refining be-
ing the most significant. The relationships of total productivity with scale,
capital per worker and exports are found to be insignificant. A tentative con-
clusion then would be that the export-promotion era has had little impact on
productivity, investment being stagnant, while increased labor productivity
might be considered as a very significant contributing factor in productivity.

The Turkish production system is highly import dependent in interme-
diate inputs besides oil. A foreign exchange bottleneck hit the production
system very severely as was observed in 1979. The post-1980 period is marked
by accunulated foreign debt. This phenomenon then calls for an examination
of productivity focusing on the contribution of imports. Such research would
also facilitate an evaluation of the performance of the import substitution
policies.

References

1. Adamou, N. (1995) “Similarity symmetrical equivalencies between demand
and supply driven interindustry systems”, paper presented at the 11 Inter-
national Conference on Input-Output Techniques, New Delhi, India, 27 Nov.
- 1 Dec.

2. Aydogus, O. (1993) “The effects of the total factor productivity growth of ex-
port expansion and import substitution in Turkish manufacturing industries:
1971-88” (In Turkish), METU Studies in Development, 20/4, pp. 453-473.

3. Eser, U. and Eser, K. (1995) The Structure of Industry in Turkey and its
Development Trends, (In Turkish), Tlrk Harl-Is Sendikasi, Ankara.

4. Gunlik-Senesen, G. (1998) “An Input-Output analysis of employment struc-
ture in Turkey: 1973-1990", Economic Research Forum Working Paper, no.
9809, Cairo,

5. Karakayali, A. (1995) “Total factor productivity change in Turkish manufac-
turing industry, 1970-1990” (In Turkish), Verimlilik Dergisi, 1995/1, pp. 139-
160.

6. Oosterhaven, J. (1988) “On the plausibility of supply-driven input-output
model” Journal of Regional Science, 28, pp. 203-217.

7. Ozmucur, S. and Karatas, C. (1990) “Total factor productivity in Turkish
manufacturing, 1973-1988", Bogazict University Journal of Economics and
Admanistrative Studies, 4/2, pp. 289-322.



90

10.

11.

12.

13.

Nikolaos Adamou — Giilay Giinliik-Senesen

. Panethymitakis A. J. (1993) “Direct versus Total Labour Productivity in

Greek Manufacturing: 1958-1980" Economic System Research, Vol. 5, (1),
pp. 79-93.

. Panethymitakis A. J. (1992) Greek Manufacturing: Productivity and Im-

ported Productivity of Labour in Manufacturing: 1958-1980, Sectoral Ap-
proach, Gutenberg, Athens, (in Greek).

Senesen, U. and Erol, M. (1995) “Relations between productivity, employ-
ment and wages in Turkish manufacturing industry since 1970", Proceed-
ings of the Ninth World Productivity Congress, June 4-7, 1995, Istanbul, v.1,
pp. 245-257.

Senses, F. (1990) “Alternative trade and industrialisation strategies and em-

ployment in the Turkish manufacturing sector”, Working Paper, METU Eco-
nomic Research Center, ERC/1990-1.

Stevens, J. (1992) Applied Multivariate Stalistics for the Social Sciences, 2nd
ed. Lawrence Erlbaum Associates.

Yildirim, E. (1989) “Total factor productivity growth in Turkish manufac-
turing industry between 1963-1983: An analysis”, METU Studies in Devel-
opment, 16/3-4, pp. 65-96.



Szigma, XXXI. (2000) 3-4. 91
ECONOMIC-ECOLOGICAL MODEL FOR POLAND
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University of Lodz, Poland

Applied mathematical models are tools used to support policy and decision
making processes in economy. In the late sixties and at the beginning of
the seventies, following the rising interest of economists in environmental re-
sults of economic activities, first economic-ecological models appeared. They
concerned economies at various level of aggregation, such as:

o regional level (e.g. Cumberland 1966),

e interregional level (e.g. Isard 1968, 1971),

e country level (e.g. Daly 1968, Victor 1972),

o global level (e.g. Leontief 1973, Carter at. al. 1976).

There are more and more applied mathematical models which depict the
economic structures linked with the environment (e.g. Conrad and Schmidt
1995, Meyer 1998, Barker 1999). Input-output techniques are widely used
in models of this type because of their simplicity and the clarity of depict-
ing links between elements in complex systems. The possibility of dividing
economy as well as the environment into many sectors is crucial however.

Economic modeling has over thirty year tradition in Poland, but until
mid-1990s no empirical economic-ecological models had been built. The ex-
planation of this is that in the past in Poland, like in all countries under
the centrally planned economy regime, the environment was not metered as
the most important task was to “fulfill” the production plans. The situa-
tion changed in the nineties, when the transition from a centrally planned
economy to a market one was started. The rising interest in the environ-
mental effects of economic activity is caused not only by the rising awareness
in the society but also by the necessity to fulfill high standards which is a
precondition of the accession process to the European Union.

The economic-ecological model presented in the paper is the pioneer ap-
proach to build a versatile model of this type for Poland. The model is
an IMPEC extension being a macroeconomic sectoral model of the Inforum
type for Poland (Orlowski and Tomaszewicz 1991), so the main features of the
IMPEC model are described first. Then approaches to economic-ecological
modeling are discussed and the environmental block of the IMPEC model®
is characterized. Finally, to exemplify the model use, government plans to
reduce CQOs9 emissions are verified using the model results.

IIMPEC is an acronym standing for Interindustry Model of the Polish EConomy.
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1 The inforum-type model of Polish economy

The model IMPEC is a multisectoral macro model. This means that hoth
industrial and macroeconomic variables are considered within the model. The
model builds macroeconomic variables using industrial details (a “bottom
up” approach). It is constructed around an input-output core but it also
makes use of behavioral equations. The author of the approach is Clopper
Almon who developed this model for the US economy in the early 1960s, and
continues his effort within the project INFORUM (Almon 1991).

The history of the IMPEC model started in the early eighties. From the
beginning the model builders have collaborated with the INFORUM team. In
the near future IMPEC will be integrated into the INFORUM International
Forecasting System.

IMPEC uses much of INFORUM philosophy. On the other hand, there are
some areas where IMPEC differs from the INFORUM approach. In 1980's
the differences resulted mainly from different economic systems being de-
scribed by the original model (market economy) and the IMPEC (centrally
planed economy). Although market economy regulations were introduced in
Poland in 1990’s, but Poland is still in transition from one economic regime
to another. The main reasons for the modeling of economies in transition
being different from the modeling of developed economies are listed below
(Balcerak at al. 1997).

1. The lack of the transfition period theory, hence the problem to what
extent the theory of market economy can be applied, when the economy
is described by means of econometric equations. This problem should
be taken into account when analyzing the proposed specification of
equations in the IMPEC model.

2. Unavailability of long enough time-series data on the new economic
regime, as the "old” time series reflect the period of the supply economy.

— The lack of time series is also due to the switch from the old classifi-
cation of economy (Classification of National Economy) to the new
one (NACE). Since the beginning of the ’90s the official statistical
system has been adjusted to the new social and economic envi-
ronment and harmonized with standards applied in international
statistics. Old methodologies, classifications and terminology are
replaced by the UN, Eurostat and the OECD.

— The use of the previous data makes it necessary to adopt special
procedures in order to unify the statistical information, for exam-
ple: guess-estimates disequilibrium indicators, procedures aimed
at reducing the number of explanatory variables, etc. In the model
presented below we adopt some of the procedures mentioned above
with different lengths of time-series for different categories.
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Figure 1. Input-output accounting framework for the IMPEC model
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3. Unavailability of new input-output tables. The switch from MPS to
SNA, which poses especially difficult tasks for the input-output mod-
elers. In the case of the IMPEC model, we used an input-output ta-
ble close to the 1990 SNA statistics. It was constructed by the Cen-
ter of Economic and Statistical Research, Central Statistical Office, on
IMPEC-group’s special order. Official SNA input-output tables were
unavailable until 1999, when the matrix of interindustry flows for the
year of 1995 was published.

The input-output accounting framework of the IMPEC model is shown in
Figure 1. The current version of the model consists of 38 types of activities
in the sphere of the so-called material production and 5 activities belonging
to the sphere of non-material services. The disaggregation is in agreement
with the sector-activity classification for Polish economy to be found in the
SNA input-output table for 1990.

Equations for the final demand elements are either at the level of cat-
egories typical of a given group of final users’ (households’ consumption —
18 categories, exports by 13 groups of products, investment demand in 29
groups of sectors) or they are expressed globally {(inventories, government
expenditures). Relevant conversion matrices (or vectors) link categories of fi-
nal demand (households’, government, investment and export demand) with
sectors of economic activity.

Value added is disggregated into the following categories: wages, depre-
ciation, gross profits and indirect taxes minus subsidies.

The model operates as follows (see Figure 2):

Production block

= c ;
Production o S w Final demand

5 X E @ - private consumption

< O = le o2 - govt. consumption
Employmen gl > = :
pigy t 5 E £ - fixed investment

o o g .

= O - inventory change
Productivity - foreign trade

/

Accountant

Price - income block

. depreciation g 3 g ® 4] + disposable income
= 2 o) o and distribution

‘ walge‘s and o= == 2.3 %o direct taxes

sa © = Of= )

I'Oz;lesmms - é g L a > 2 ﬁ |-» 5 g and transfers

. c

g p = = o e £ + budget deficit
- indirecl taxes c O = .

minus subsidies = ng‘amng%‘gf

Source: Prepared by the author

Figure 2. The solution process of the IMPEC model
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e Final demand categories are generated:
— household demand, “driven” by incomes and relative prices,

— investment demand, determined by changes in economic activity, the
foreign direct investment and the lagged investment outlays,

— inventories, determined by the volume of output,

— exports, determined by the world demand, relative prices and foreign
direct investment,

— government demand (exogenous).
e Demand for products is generated using input-output relationships.

e Imports, which depend on the volume of output and relative prices, are
obtained in a feedback with the volume of output.

e Labor productivity is computed as the function of capital efficiency and
time variable.

e Demand for products and labor productivity determines employment.
e Wages by industry depend on inflation and labor productivity.

o Unit value added by industry is the sum of its components and depends
mainly on labor costs.

e To determine both producers prices and prices of final demand cate-
gories the input - output price approach is used.

e Incomes (households, corporations and government) are determined by
a set of identities. The elements of the identities are calculated in other
parts of the model or found using given parameters (such as tax rates)
some of them are completely exogenous to the model.

2 Economic-ecological models

There are different ways to build a model accounting for both economic and
environmental problems. The difficulty in overcoming the building problems
of such a model is that economic variables are usually measured in mon-
etary units whereas ecological variables require to be measured in natural
units. Typically economic-ecological models are developed as extensions of
the existing models. This situation is shown in Figure 5.

At the extreme left and right hand sides of the figure two different mono
disciplinary models are shown: economic and ecological models, respectively.
In the center of the figure there are fully integrated economic-ecological mod-
els. They can be treated as separate sub models, linked by the resource and
pollution data flow.
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Figure 3. Mono disciplinary and multidisciplinary model types

The economic-ecological model for Poland considered in the paper is an
IMPEC extension which is a typical economic model. That is why the
economic-ecological model for Poland is marked to the left from the central
point of Figure 3.

As it was mentioned above flows between the environment and economy
relate to resources used and pollutants emitted by the economic system. This
is shown in Figure 4.

The present economic-ecological model for Poland only includes the pol-
lution block and the resource block will be developed in the future. There
are no “recycling” sectors in the input-output table used in the model. This
means that now only discharged parts of residuals are included in the model,
which is depicted in Figure 4 using thick lines. Nevertheless, the changes in
the recycling activity of the economy can be reflected in the model by changes
in the emission coeflicients.

Economy both depends on and influences all the natural environment
components, that is

e lithosphere (soil, rocks),
e hydrosphere (waters),

e atmosphere (air).

This means that the components are used by the economy as resource
“containers” (dependency of economy on environment) as well as “contain-
ers” for externalities (pollution) being a result of production and consumption
(influence of economy on the environment) — see Figure 4. Using the envi-
ronment as the container for pollution may have many negative effects on its
components. Generally, they are classified as:

— local
— regional

— global
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Source: Field 1997

Figure 4. The Environment and the Economy

The larger geographical area the problem concerns, the more difficult it
is to solve. The difficulties become extreme, when the problem affects more
countries. That is why global environmental problems seem to be particu-
larly hazardous for the mankind. Air pollution is seldom the local problem,
because various kinds of air pollutants may be easily carried for long dis-
tances, from one place to another. They can travel across the continents.
They can circulate in the Earth’s atmosphere. In addition they can be raised
to the stratosphere and violate its natural composition. This is why air pol-
lution control is treated as one of the most vital problems that the mankind
confronts today.

The possible dangers which result from an uncontrolled emission of gases
are shown in Table 1.

Global
Greenhouse effect Ozone layer | Regional | Local
directly | indirectly depletion
COgq °
CHgy ° .
NoO ° °
CFCs ° . °
NO; ° ° N °
CO ® ° °
NMVOC ° ° °
SO9 . . °
NHo ° . °
Dust ) ° °

Source: Air Pollution. .., 1997

Table 1. Influence of air pollutants on the environment
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3 Environmental block of the IMPEC model

The first stage to build a simple emission block for an existing sectoral model
is to use the data on emissions and the output by sectors to estimate direct
pollutants coeflicients (emission factors):

€zjt

X’

€Crjt = (1)
where:

emission coefficient,

emission (in natural units),

value of output,

pollutant,

sector of economy,

time.

LR VLY:

Changes of the emission factors over time can be estimated economet-
rically and then forecasted. Future changes of the coefficients can be also
estimated by experts from different branches of economy. Emissions can be
easily calculated as the product of the emission coeflicients and output:

E;=EC;- X3, (2)
where:

E vector of emissions,

EC direct pollutants coefficients matrix,

X vector of output taken from the sectoral model.

This used to be the way of modeling and forecasting emissions, especially
concerning the air, within the model for Poland (Plich 1995). Data on pollu-
tion were compiled with the data on the Polish economy used in the IMPEC
model. Due to the differences in sector classifications a lot of estimations
had to be performed to arrive at the final result. Classification of pollutants
and sectors used in the first environmentally extended version of the IMPEC
model can be found in Tables 2 and 3.

Pollutant of... Name Abbreviation
Air Dust Dust

Air Sulphur dioxide SOg

Air Carbon oxide CO

Air Carbon dioxide CO2

Water Waste water treated mechanicly | MechTreated
Water Waste water treated chemically ChemTreated
‘Water Waste water treated biologically | BioTreated
Water Crude waste water Waste water
Land Utilized waste Utilized waste
Land Neutralized waste NeutralWaste
Land Stored waste Stored waste

Source: Prepared by the author

Table 2. Classification of pollutants in the model
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No. | Name of the sector Abbreviation
1 | Coal mining Coal
2 | Fuel industry Fuel
3 | Power engineering Power
4 | Ferrous metallurgy Ferrous
5 | Nonferrous metallurgy Nonferrous
6 | Metal products Metal
7 | Machinery Machinery
8 | Precise equipment Precise
9 | Transportation means TranspMeans
10 | Electrical and electronic app. ElectrElectronic
11 | Chemicals (1) Chemicals (I)
12 | Chemicals (II) Chemicals (II)
13 | Construction materials BuildMaterials
14 | Glass Glass
15 | Ceramics Ceramics
16 | Wood products WoodProd
17 | Paper products PaperProd
18 | Textiles Textiles
19 | Clothing Clothing
20 | Leather Leather
21 | Food processing - animal FoodAnimals
22 | Food processing - plant FoodPlant
23 | Feed and utilization Fodder
24 | Printing Printing
25 | Other branches of industry OthManuf
26 | Residential building ResConstr
27 | Industrial construction IndConstr
28 | Special constructions SpecConstr
29 | Other branches of building construction | OtherConst
30 | Agriculture - plant production AgrPlant
31 | Agriculture - animal production AgrAnimal
32 | Agricultural services AgrServ
33 | Forestry Forestry
34 | Transportation Transport
35 | Communication Comme
36 | Trade Trade
37 | Other industries Otherlnd
38 | Municipal services MunicServ
39 | Housing Housing
40 | Education services Education
41 | Health services Health
42 | Other market services MarketServ
43 | Government services GovtServ

Source: Prepared by the author

Table §. Classification of sectors in the model
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Lately, a new and more sophisticated modeling approach to air pollutants
has been introduced. It follows the experiences of the German Inforum team
in the construction of their PANTA RHEI model (Meyer and Ewerhart 1998).
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Sources of air pollution

Sources of air pollution can be classified using a number of classification
criteria. The most general partitions are the following:

e natural and anthropogenic (man-made) sources,

e stationary and mobile sources.

Anthropogenic sources of air pollution can be subdivided using types of
economic activity as the criteria:

e cnergy production (fuels combustion, volatile fuel emission),
e industrial processes,

e solvent application,

e agriculture,

e changes in land use and forestry,

e wastes (waste sites, sewage treatment plants, waste combustion).

Taking into account only the anthropogenic sources it is easy to prove
that the energy processes give off most of air pollution regardless of the
methodology used in a survey, so in air pollution modeling one can concen-
trate on emissions from fuel combustion. Possible pollutants resulting from
fuel combustion are shown in Figure 5.

[Fuel combustion emissions l

| I I l | |

Hydro- Sulphur Nltgggen Carbon Water Particles
carbons oxides ox1des oxides vapour

Source: Air Pollution... 1997

Figure 5. Emissions resulting [rom the combustion processes

Emission from stationary sources
The emission of pollutants from stationary sources depends on many factors:
e Fuel type and quality,

— the content of carbon, sulfur, nitrogen and mineral matters,

— heating value.

o Method for reducing pollutant emission
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Type of technology:
~ type of installation (boiler, furnace, gas turbine),
— type of burner,

— size, age and technical condition of the installation.

Operating conditions:
— load,

temperature,

— excess air, )

— additions (water, ammonia, lime).

Emissions from mobile sources

Most means of transport (road, water and air) are defined as mobile sources
of emissions. Means of transport are numbered among the greatest polluters
of CO9, NO,, CO and VOCs as well as Pb (in the case leaded benzines are
used).

As in the case of stationary sources emissions from mobile sources depend
on many factors:

e engine size,

e age,

e emission reduction technology,
o type of fuel used

e other, such as: traflic conditions, average speeds, weather conditions,
etc.

In our model only some of the emission determinants mentioned above
are taken into consideration. The total emission of any pollutant under con-
sideration depends on two factors:

e emission coefficients

e amount of fuel used

Only two main determinants of emission coefficients are taken into ac-
count:

e type of fuel

e sector of economy.
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The equation for the volume of emission of any pollutant discharged by
any sector using any energy carrier is the following:

€xkjt = €Cakjt - fhijt » (3)

where:

e  emission (in natural units),

ec emission factor (coefficient) - emission per unit of fuel used,

f fuel consumption (in energy units),

z  type of pollutant,

Jj  sector of economy,

k  fuel type,

t year.

Other factors determining emission which are not explicitly taken into
consideration in the above equation, such as the pollution reduction method
at the end of pipe or the combustion method, can induce emission coefficients
change. Their influence can be estimated using econometric methods.

The amount of fuel used by an individual installation or machine depends
on the technical parameters. One of the parameters is the kind of fuel beeing
used. Installations and machines in the sectors of economy can be grouped
by the combusted fuel. “Average” technical parameters can be assigned to
the groups (e.g., unit fuel use). The total amount of energy used by a sector
of economy depends on the number of installations and machines and their
“average” technical parameters. Additionally, the amount of emissions in a
sector depends on the structure of fuel used in the sector. This structure can
change over time varying market conditions (availability of particular fuel,
prices) and the environmental protection legislation.

In the model the fuel use is determined on the basis of the following
equation:

frjt = ffijt an-?Xﬁ , (4)
where:

ff  {fuel factor

f  fuel consumption (in energy units),

a fuel input coeflicient

X value of output taken from the sectoral model
7 sector of economy,

k fuel type,

t year.

Fuel factors and fuel input coefficients are defined as follows:

(k)

; z,
[ leje = % and aﬁft) = X_] ; (5)
& j

where z(¥) is the value of an interindustry flow from the energy sector which
produces fuel k.
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Changes in the fuel input coeflicients can be estimated with econometric

methods:
) _ o[ Prt ) .
a; =fl—t) ., 6
£ (pKt ( )
where:
p  prices,

K other fuels.

The links between the IMPEC model and the energy and emission sub-
models are presented in Figure 6.

Volumes of intermediate
Final demand ‘_)l Total demand ‘—_"and final flows in money terms
esp. flows of energy

IMPEC

Emissions I Flows of energy by branches
Energy and by fuel types  [€ and t‘uglyty;y)es

emission and branches in energy units
submodels
Emission factors

Source: Prepared by the author

Figure 6. From final demand to emissions

4 CO5 emission in Poland — evidence and sce-
narios

Let us concentrate on one pollutant — carbon dioxide, which is considered to
be the main gas causing the greenhouse effect. In the past in Poland, like in
all countries under a centrally planned economy regime, the emissions were
not metered as the most important task was to “fulfill” production plans.

Environmental charges were introduced in Poland in the seventies, but in
a centrally planned economy financial instruments failed due to the admin-
istered allocation of inputs and low price responsiveness of economic agents.
Because in the 1970s and 1980s the environmental policy was ineffective, the
charges were always treated as “too low” regardless of how high they really
were (Zylicz 1994). It seems that the situation changed in 1990s, when the
transition from a centrally planned to a market economy started. Despite
very high fees introduced in 1990, in 1990 and 1991 the high rate of inflation
and the rule of collecting charges after the end of the year in which they
were assessed caused that the situation did not change. A modified legis-
lation, which became effective in 1992, caused that positive changes can be
observed. Now Poland belongs to the group of countries with the highest
rates of pollution fees.

We illustrate the problem mentioned above in Figures 7 and 8. Figure 7
shows COq emission between 1988 and 1998.
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Figure 7. Emission of COy in Poland

The decline in emissions observed between 1988 and 1991 is mainly due
to the declining activity of Polish economy in that period. Another fall in
the period 1992-1995 was due to positive changes (decline) in unit emission,
which are shown in Figure 8. Although in Poland there are no charges on
COg emission but there are charges on other air pollutants such as carbon
monoxide and sulfur dioxide, emitted together with carbon dioxide in fuels
combustion processes. As we can see in Figure 8 the only reason for the
increase in the level of emission after 1995 is the high activity of Polish
econoiny.
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Figure 8. COg emission/output ratio in Poland
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Figure 9. COy emission coeflicients’ decline according to governmental plans

According to the Polish governmental documents (Energy Policy Assump-
tions ... 1995), COy emission in Poland in 2010 will be at the level of 372
million tons, that is almost 10% below the 1990 level.

In that document no policy measures to achieve the ambitious plans are
presented. To see how daring the plans are, especially taking into account
the high growth rate of the economy (5% to 6% annually) forecasted for the
next ten years, we have to investigate how they translate into CQq emission
coefficients. Figure 9 shows a time path of those coefficients to achieve the
government plans.

As we can see, the COq emission coeflicients have to do down almost by
half in the period 1999-2010 to fulfill the plans (data for 1999 has been not
published yet). This means that they should be declining more or less at the
rate of the output growth. An opposite assumption could be formulated such
as a “business as usual” (BAU) scenario, in which the coefficients remains
unchanged in the period under consideration. Emissions under the BAU
scenario as well as under “governmental” scenario are shown in Figure 10.
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Figure 10. Scenarios of COg emission for Poland
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INEQUALITY OF VALUE IN INTERNATIONAL TRADE:
AN INPUT-OUTPUT APPROACH

UTZ-PETER REICH
Mainz University of Applied Sciences, Germany

International trade may be defined —in contrast to interregional trade—
as trade involving, besides goods, an exchange of national currencies, the
transactions of which are collected on, and described by, national balances
of payment. The exchange of currencies not only distinguishes international
from national trade, but brings in an additional factor of influence, in that
trading prices can be determined only at given rates of exchange of the in-
volved currencies. The choice of a national currency as means of payment
must be settled between two international trading partners, and in the ag-
gregate it may determine where the gains from trade finally accrue. Money
is not an invisible veil, but a very impressive hand of control, in international
trade.

The choice of a currency is governed by its value, and this again is based
on expectations about its future value, just as with any other financial asset,
a highly self-referential system of markets managed by international banks
and national monetary authorities. There are two ways of determining the
value of a currency. It may be expressed in terms of another currency, in
its rate of exchange and may thus be treated like the price of a commodity
when this is expressed in terms of another commodity (relative price). Or
the value of a currency may be expressed in terms of the amount of products
it buys, and this is its purchasing power parity (absolute price). The paper
is concerned with the deviation between the two measures of value when
applied to traditional trade balances.

1 The background: New institutional economics

Can trade be unequal? Ignoring allusions to common sense such as expressed,
perhaps, in Grimms’ tales', in professional economics the answer is not fully
unanimous. While the economic main-stream voices a clear “no”, critical
writers bring up differing hypotheses for an affirmative position, every once
in a while. Mainstream denies inequality, because it is the market that deter-
mines value. The value of two commodities is equal if the commodities are
exchanged against each other, by definition, so that under condition of free
trade, at least, inequality is logically impossible. Hence it is also no issue in
standard literature.

IThe tale of “Jack in good luck” (Hans im Gliick) goes about a country farmer who
setting out to the town to sell his horse returns home after a series of trades, each of which
increase his individual utility, a happy man and with no money.
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Motivation for digging into the question comes rather from outside of
academia. Political concerns about persistent underdevelopment in spite of
global market integration naturally transform into a question of this type,
dressing it, in this way, although non-voluntarily, with a taste of normativity
and unscientific intention. Well known is the school of thought, that developed
in Latin America around Raoul Prebish and Hans Singer, who were men of
politics just as much as of science, indeed, and the African writer Samir Amin
is not far from them either.

In retrospect the cleavage of non-communication separating the main-
stream from the outsiders had a certain rationale. The mainstream was
securely contained in the bed of the general equilibrium market model of
an economy, working on the assumption that these markets were perfect.
Inequality theorists had thus no community-accepted theoretical ground for
building their hypotheses, but had to work with ad hoc constructs such as
terms of trade or differences in profit rates. This gave their analysis a touch
of arbitrariness adding to the suspicion of political interest, and depriving
their arguments of the force that would have been required for entering into
a comprehensive dialogue with the mainstream.?

The situation has changed today. Perfect markets are no longer consid-
ered as the only useful model of economic analysis. The increasing attraction
of economists to what is roughly called new institutionalism paves the way
for rigorous analyses of imperfect markets within the mainstream. The con-
cept of transaction costs generated in organising and using markets gives rise
to new ideas such as bounded rationality and non-pareto-optimal outcomes
that were not accepted before. This paper is placed in the framework of new
stream of institutional economics, drawing on its results where it is conve-
nient. It is helpful, for instance, to point out that the definitorial equality of
the value of two commodities at mutual exchange resides on the assumption
that markets are perfect. All partners are fully informed about the contract
in question and share a common knowledge of all relevant facts. Under this
condition, their values are defined equal. But what happens if information is
asyminetric, and if control is incomplete? Then clearly, inequality of value is
not excluded, on logical grounds, but becomes a sensible matter of investiga-
tion. The particular asymmetry of control studied in this paper relates to the
means of payment employed in international transactions. If the value of this
money is fully determined endogenously by the conditions of production, con-
sumption and trade it need not be considered separately. If, however, money
has a market of its own with intrinsic forces determining its value, it cannot
be considered as neutral, but may exert a significant influence on the setting
of trading values.

Apart from theory, inequality of value is an accepted phenomenon of
every-day observation even in traditional economics. Everyone knows the
effect of a commodity tax or a sales tax which splits the price of a commodity
in two, the price the purchaser pays, on the one side, and the price the seller

2 As was brought about at the occasion of a problem of much lesser importance by way
of the Cambridge capital controversy.
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actually receives, on the other side. What is the true value of the good under
these conditions, is not an easy question, the producers’ or the purchasers’
price, or something in between? Commodity taxes do not fit the perfect
market model, and are looked at unfavourably in economic theory. But they
exist, and provide a first hand demonstration that inequality of value in
exchange is not an out-of-the-world phenomenon.

On the political side the problem of fair trade, or its opposite, in a way,
the problem of dumping practices are every-day-concerns in international
trade as witnessed by the corresponding regulations of the GATT. And Fair
Trade shops spreading out over the developed world selling products of the
developing world insinuate a similar concern. From a methodological point
of view there are only two positions tenable in this respect. FKEither one
considers such views as value judgements, and thus inaccessible to scientific
investigation. Then there is no room for a theoretical statement about the
possibility or impessibility of inequality in world trade. Or one makes such a
statement. Then one implicitly admits that at least part of the question lies
outside value judgement and is suitable for scientific investigation. This is
what we endeavour now. Previous research on inequality in world trade will
not be dealt with in this paper for reasons of brevity.? Individual features
will be drawn upon in brief for purposes of comparison.

2 Explanation of national price levels

The fact that purchasing power parities differ from exchange rates in a per-
sistent and systematic way has been established ever since the completion of
phases I-IIT of the great United Nations International Comparison Project,
initiated and carried out by Kravis, Heston an Summers. Yet, the observa-
tion of Kravis and Lipsey in 1983 that “It would only be a slight exaggera-
tion to claim that a theory of comparative price levels does not exist”, still
holds, today. The theory of international trade works with the general as-
sumption that price levels between countries tend towards equality through
the exchange rate mechanism of currencies (see, for example, Winters 1991).
Kravis and Lipsey challenge this “law of one price” on the basis of the em-
pirical data of the ICP project, and in a small, thoughtful paper they look
for factors of influence that may explain their empirical observation. Their
findings represent an important step in the determination of asymmetry in
trade. Tuble 1 is reproduced directly from their paper.

Table 1 demonstrates two fundamental facts. Nominal exchange rates sit
far from purchasing power parities in international trade, and currencies of
poor countries are systematically under-valued. The finding is a challenge to
international trade theory in that it forbids speculation about the advantage
or disadvantage of such trade on the assumption of neutrality of the involved
operation of currency exchange.

3For an overview and critical assessment see Raffer, K. (1987).
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Income Number Mean Nominal Mean Real GDP Price
Class of Countries | GDP per Capita | GDP per Capita Level
"1 8 3.7 9.0 40.7

2 6 12.1 23.1 51.7
3 6 24.2 37.3 64.5
4 4 38.7 52.4 73.6
5 9 82.3 76.0 107.4
6 1 100.0 100.0 100.0

Source: Kravis and Lipsey (1983), p. 2.

Table . National Price Levels for 34 Countries.
Classified by Real GDP per Capita, 1975. (US = 100)

On the contrary, the lower the productivity of a country the less it can rely
on this mechanism. The question comes to mind of whether the mechanism
determining exchange rates might not produce terms of trade not in accor-
dance with its own domestic price system so that a poor country exchanges
goods less favourably, an impossibility under the assumption of perfect mar-
kets, of course, but given the degree of imperfection displayed by Table 1 the
question cannot be suppressed.

The observed correlation between price level and real income per capita
is what Kravis and Lipsey undertake to measure and to explain. The cor-
relation of the two variables is so obvious from Table 1 that it requires no
econometric corroboration. Nevertheless Kravis and Lipsey perform the cal-
culation finding:

PL =0.3081 +0.9365 , (1)

where PL are the price level and r the real GDP per capita of a country, both
measured in relation to the United States. The regression predicts a price
level of 30.81 percent of the level of the US for a country with zero GDP per
capita, and for the US itself, with = 100 the price level would come out at
1.2446. The explained variance R = 0.801 and both coefficients are highly
significant. A percentage point difference in real income translates almost
one-to-one into a percentage point difference in price level. Crude and linear
as this estimate is, it carries an enormous significance. If the purchasing
power of the dollar is inversely dependent on the income per capita of a
country, buying abroad is so much more advantageous for the rich country
as it is disadvantageous for the poor one.

The explanation of the phenomenon adhered to by Kravis and Lipsey,
which has meanwhile become standard in textbooks, goes under the name of
differential productivity model. Assume that not all products can be inter-
nationally traded, but only some. For the tradable products holds the law of
one price, i.e., the nominal price based on exchange rates is the same in every
country. They are commodities of the world market. The non-tradable goods
are produced and consumed only internally in an economy, and their prices
may thus differ between countries. With similar prices for tradable goods
in all countries, wages in the industries producing tradable goods in each
country depend on productivity. The wage level established in the tradable
goods industries prevails also in the non-tradable goods industries, but inter-
national productivity differences are smaller for the latter. This means that
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in poor countries the low wages established in the low-productivity tradable
goods industries apply also to the not-so-low-productivity non-tradable-goods
industries. The consequence is low prices in low-income countries for non-
tradable goods (Kravis and Lipsey 1983, p. 5). Indeed, partitioning their
price sample in tradables and non-tradables Kravis and Lipsey find Table 2.

Income Number GDP Price Price level Price Level
Class of Countries Level of Tradables | of Non-tradables

1 8 40.7 60.0 24.9

2 6 51.7 70.7 37.2

3 [§] 64.5 86.6 46.5

4 4 73.6 97.9 53.4

5 9 107.4 118.5 96.7

6 i 100.0 100.0 100.0
Source: Kravis and Lipsey (1983), p. 12.

Table 2. Price Indices for Tradable and Nontradable Goods 34 Countries, 1975 (U.S. = 100)

Table 2 verifies the distinction between the two sorts of goods in that the
price level of non-tradables is roughly on half that of tradable goods for all
countries under investigation. And indeed, the regression of the price level
of non-tradable goods comes out favourably:

PN =0.0502 + 0.9893r 4+ 0.1733 0P . (2)

The absolute term is reduced to insignificance, the linear terms increase from
93 to 99 percent, with a higher significance and more variance explained
which indicates that the model of wage level determining the price level of
non-tradables might well be holding. The variable OPF stands for openness
of an economy measured by the ratio of foreign trade to GDP. It is tested by
the authors, but comes out with little significance, and is therefore ignored
here. Now if the connection of the labour market mechanism to foreign trade
holds as exposed in the differential productivity model, the law of one price
should apply for the tradable products in as much as it does not hold for
the others. The price level of tradables should be independent of income
per capita, forming as it were the driving lever in the model forcing national
wages down. Table 2 however, contradicts this hypothesis. The price level of
tradable goods clearly varies with real income per capita, the corresponding
regression being

PT =0.4732 +0.76197 + 0.1590 OF . (3)

So the question remains of why is the national price level strongly correlated
to income per capita. The question is even framed more sharply now, since
for tradable goods the law of one price should surely hold, even without any
differential productivity model.

But the fundamental problem arising from this analysis lies on the theoret-
ical level. If the differential productivity model assumes low productivity in
the tradables sector, then, apart from the necessity of this proposition being
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empirically tested, it evokes the question of why a country should participate
in international trade at such terms at all. If a country deploys resources
to an export sector that works at lower productivity than the rest of the
economy this is an inefficiency or a disadvantage in allocation of resources as
against fully domestically oriented production. The differential productivity
explanation of national pricel levels, it seems, is not in line with the Ricar-
dian comparative advantage theory. Thus in order to clarify the productivity
argument it is necessary to look into the meaning of the term productivity
more closely and to study the methods by which it is being determined. This
will be done in the next chapter.

3 A simple input-output account of interna-
tional trade

Input-output technique is predominantly applied to describing the produc-
tion structure within a country, leaving exports and imports as additional
rows and columns {or matrices), which are detailed in their commodity com-
position but have only a one-sided link to production. They either come from
nowhere, — imports as primary inputs, or they go to nowhere, — exports as
final outputs. Globalisation calls for a table of the whole world where com-
modities serve as identical stores of value between any two countries linked by
trade, showing the overall interrelationship of this trade. In Table 8 such an
interrelationship has been estimated for the year 1997 on the basis of readily
available information and in a crude form. Partitioning the countries of the
world into 6 groupings the table describes the value of trade between them
in current USS.

Table 3 is denominated in US$ and it should add up to a total trade
balance of naught under the assumption of a global market for the traded
commodities. Trade balances should correspond to the figures shown in the
national balances of payment, in principle, showing the need for, or the sur-
plus in, external finance. Actually the aggregation in Table 3 grossly underes-
timates the needed finance, because it shows only the balances between these
groupings of countries. These are, however, fictitious, because only individual
country’s have trade balances, and not any of their statistical groupings, and
the aggregated balances suppress the flows within each aggregate. In order to
gain a correct impression of the means needed to finance international trade
a flow table between all countries coining their own currency must be estab-
lished. This is beyond our means here. Table 3 serves just as an illustration
of the larger and correct exercise.*

41t also may serve as a kind of political grouping, because trade imbalances occuring
between members of different. groupings might be treated in a different way than imbalances
within each of these groupings.
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Exports to | [1] 2] Bl [4] [5] (6] All

Exports from exports
1 Developed countries — Europe 1453 | 275 | 42 76 | 81| 267 2194
2 Other developed economies 251 | 606 6 5] 34| 522 1424
3 Former USSR — Europe 35 8| 20 13 1 27 104
4 Other Eastern European economies 56 3 7 12 2 8 88
5 OPEC 53 74 3 2| 10 57 199
6 Other developing economies 247 | 480 | 14 10| 52| 532 1335

All imports 2095 | 1446 92| 118 | 180 | 1413 5344

All exports 2194 | 1424 | 104 88 | 199 | 1335

Trade balance 99 | —22| 12| —-30| 19| —78

Source: IMF (1998) and own estimates

Table 8. World Trade by Regions (in billion U.S. dollars f.0.b.)

The main finding of international price comparison being that national
price levels are correlated to national income per capita we begin our input-
output accounting in such a way so as to investigate only this effect, bringing
in other effects at a later stage. We distinguish three goods and three pro-
duction processes. Two goods are tradable, T1 and T2, the third one is not,
NT. We look at two countries A and B. To further simplify the matter we
assume that country A produces T1 as its export good (EX), while country
B produces and exports T2. Consumption (C) in both countries consists of
their non-tradables, and their production uses the imports (IM) as intermedi-
ate input. One might think of energy (T1) and software (T2) as two possible
inputs in services (NT). L is the value of labour input, which we assume to
be the only production factor. This is an extremely simple model, but in its
simplicity it highlights the subject in question. An input-output account of
this international trade might look like Tuble 4.

Country A produces A$ 420 worth of T1 which it exports to country B,
and it imports the same value of T2 in return from country B. Consumption
makes up GDP from the expenditure side with A$ 1400 and B$ 600 in each
country respectively, while value added figures add up to the same values,
showing GDP under the output aspect. Foreign trade is balanced in both
economies in their respective national currencies.

NT| C EX]

Type of Good | T1 T2
Country A (in A%)

T1
T2
NT

420

1400

420

IM
L

420

420

980

Country B (in B§)

T1
T2
NT

60

600

60

M
L

60

60

540

Table 4. A simple input-output account of international trade
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Roughly as the table is, it shows an important law. Two input-output
tables balanced in their respective national currencies imply one and only one
exchange rate in order to balance against each other. In this case the implied
exchange rate is A$ 7 to 1 $B. The law is important because it derives from
nominal variables only, and holds without any information about underlying
prices and productivities. In particular, any inverse price-quantity movement
of elasticity 1 in either economy leaves the nominal exchange rate unaffected.

In order to study the balancing problem more closely, let us assume some
prices and their derived quantities. In country A:

Pl=1AS$/unit 1,  P2=2A$/unit 2,  P3 =3 A$/unit 3,

where the first two prices stand for the tradable and the last price for the non-
tradable product, each measured in A$ per respective physical unit. Dividing
these prices into the nominal values shown in Table 4 yields an input-output
table in quantities, the normal point of departure for quantity input-output
models.

The choice of prices and quantity units in country A has an implication
for county B. Given the values of Table 4 it follows that in country B the
prices are now also given, namely

P1=1/7B$/unit 1, P2 =2/7B$/unit 1, P3=3/7B$/unit 3.

Otherwise the system would not balance, again an important accounting
constraint. It says that if a balanced economy wants to incur balanced inter-
national trade with another economy, the prices in both economies must be
the same, after application of the implied exchange rate, of course. This is
the law of one price. And equally so for changes in these variables, of course.
Applying the Geary-Khamis index for comparison of purchasing power parity
(SNA 1993 par. 16.92) to our account is simple, because GDP, the commod-
ity basket employed as the value standard of the national currency contains
only one good in each country namely the non-tradable good. One obtains
PPPS$A/PPP$B = 1/7, the purchasing power parity is thus one, the ex-
change rate reflects the purchasing power of the two currencies. How then can
we construct a case of differing purchasing power parities from this model?
Wages are equal in both countries, as the model now stands. This ex-
presses the situation of a cominon labour market for the two economies.
International trade is defined, however, as a trade when labour markets do
not merge. We have barriers between the national labour markets segregat-
ing the national labour force into their national markets each. The global
labour market is imperfect, by definition. Consequently our model becomes
truly international if we assume different wage rates in each country. If the
wage rate in country A is 4 A$/inan-year that of country B must necessarily
be 4/7 B$/man-year under a homogeneous labour market. From the data in
Table 1 it may not be an exaggeration to cut the wage rate of country A in
half, say 2 A$/man-year. If the cut is introduced simply on the one line of
labour input of country A in Table 1, this table will not be balanced anymore.
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Balance along columns is achieved if prices in country A are cut in half. In
order to simplify the argument and avoid cumbersome recalculations let us
assume that balance along rows is achieved by a corresponding increase in
quantities. Twice as much labour is employed as before, and with the same
technology twice as much quantity of each product is produced. This leaves
the nominal table unchanged, and hence the nominal exchange rate of 7 A$
to 1 B$ remains the same, too. The nominal accounts are the same for both
situations. But in quantities, the figures of situation A’ are twice those of
situation A. In particular country A’ now exports twice the quantity of T1 to
country B in return for the same quantity of T2 as before. Tuble 5 compares
the full accounts.

How are the two economic states to be interpreted? The difference be-
tween situation A and situation A’ is that all internal prices have dropped to
half, while internal quantities have doubled. Only the import quantity into
A has not changed so that, at an equal exchange rate as before, double the
quantity of T1 is exported from A’. Terms of trade have deteriorated for A,
obviously, and we are interested in the effect on purchasing power. Due to
the simplicity of the model the purchasing power effect is easy to determine.
When a citizen of country B exchanges B$ into A$ he can buy as many units
of NT in country A as at home, but twice as many in country A’. The pur-
chasing power parities are 1 and 2, respectively. The traded goods T1 and
T2 do not count in the purchasing power calculation, because their trade is
balanced. GDP consists of consumption C only.

Note that we are working in terms of comparative statics. We are not
stating that due to a wage drop in country A the economy changes to state
A’. We are simply comparing two different quantity situations corresponding
to the same nominal figures. Situation A’ is different from A in several
aspects. The wage rate is half, labour input doubles, so does output in goods
T1 and NT. Technology is also different between the two situations in that in
situation A’ less of good T2 is used for production of a unit NT than before.
Thus the deterioration of terms of trade is being matched by an increase of
productivity. Furthermore, this production is less capital intensive and more
labour intensive than before. Traditional theory holds, however, that the
lower wage in developing countries is due to a low level of productivity. The
argument of productivity must thus be submitted to a closer scrutiny, which
we will undertake in the next chapter.

Country A Country A’

Wage rate equal to country B | Wage rate half of country B
Type of Good Ti T2 NT C EX| T T2 NT C EX
T1 (in units 1) 420 840
T2 (in units 2) 210 210
NT (in units 3) 487 974
IM (in units 2) 210 210
L (in man-years) | 105 245 210 490

Table 5. Quantity input-output table for country A under different wage regimes
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A first conclusion from this chapter can already be drawn. The differen-
tial productivity model explains purchasing power imparities first of all by
differing productivity between countries in the sector of tradables. It seems
that the model simply assumes this difference. Neither low productivity in
tradables nor relatively higher productivity in non-tradables are necessary
to produce differing purchasing power parities in correlation with differing
wages. Owr investigation has shown that a low wage level in terms of ex-
change rates corresponds to a low price level, and is not necessarily caused
by, or an indicator of, low productivity. It then reflects not an internal pro-
duction structure, but a relationship of external exchange. Put the other
was around, it is possible that industries or countries of even productivity
may still be linked together in a relationship of uneven exchange. For, com-
pared to situation A, situation B is uneven in that A delivers twice as many
goods T1 in exchange for its imports of T2 than before, and, yet, concerning
productivity it is not worse.

This analysis seems to incorporate a subjective judgement in the sense
that the opposite interpretation might also be tried. Situation A - B may be
defined as uneven, and favourable for A, and situation A’- B be called the fair
or even situation. So it looks as if there were arbitrariness in assumptions
to be resolved only through moral judgement. But there is a purely eco-
nomic argument behind. Economic efficiency in the allocation of resources
is achieved through markets, in particular those in goods and services. In
international trade, these markets are separated through national currencies.
But an even purchasing power parity of the national currencies may be taken
as an indicator of equilibrium in the sense that the national markets func-
tion in co-ordination as if they were one market. If purchasing powers are
not at par, markets are obviously not co-ordinated, overall equilibrium is not
attained, hence there is room for inefficiency and misallocation of resources,
and one-sided advantages and disadvantages going hand in hand with it. Qur
intention is to measure the inefficiency.

On the assumption that situation A - B, and not A’ - B, is the equilibrium
state a loss of real resources through international trade can be calculated for
Tables 4 and 5. In situation A’ country A exports twice the real resources to B
as under conditions A of equal purchasing power parity. Its nominal exports
of A$ 420 are worth twice this sum in terms of real resources. Consequently
country A’ exports another A$ 420 or 30 percent of its GDP abroad without
compensation. Note that this finding does not contradict Ricardo’s theory
about the reason for trade. It may still be that the decision of A to export
T1 to B, and to import T2 from it is based on differences in comparative
costs, however slight they may be. But Ricardo’s theory stops short of the
determination of the actual terms at which trade is then to be performed. So
even if his conditions are satisfied, uneven trade due to imperfection in the
corresponding markets is possible.

It is also interesting to observe that the cutting in half of the wage is
compensated by a double participation of the labour force, the real income of
which has not changed. They produce twice as much NT as before, only at
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half the international value. In this sense uneven trade ‘generates’ employ-
ment, indeed, and applies the export multiplier.

Finally, the little exercise enhances the role of purchasing power com-
parisons in international trade. Comparing the nominal tables of the two
countries reveals no information about value inequality, balanced as they are
in every respect. Even the price comparison between the two traded goods
T1 and T2 would not raise doubts, because prices between different goods
cannot be compared anyhow. It is only after compiling, from these prices,
an index of purchasing power parity of the means of payment and storage
of value that an evaluation of foreign trade in terms of value inequality is at
hand.

4 An analytical table of resource flows in in-
ternational trade

The Purchasing Power Comparison of countries participating in international
trade raises two questions:

a) Why does purchasing power vary between countries?

b) Why is the variance mainly correlated to the national standard of liv-
ing?

As said above the main argument explaining international discrepancies
in purchasing power parities is based on productivity. Low productivity in
the tradables sector combined with a nationally homogeneous labour market
depresses general wages so that even high productivity sectors sell under
value. Our input-output account has shown that low productivity is not
a necessary condition of differing purchasing power parities. In other words
even under conditions of equal productivity purchasing power imparities may
occur. But Table 2 shows that the premise of the explanation does not
hold. The premise is that there exist a unified world market for the goods
that are tradable. A unified market is characterised by a unique market
price. Poor countries, however, earn 40 percent less for their products than
rich countries. Even between the high income countries, which are mainly
U.K., France, Germany, Japan, on the one side, and U.S. on the other, price
differences of almost 20 percent exist for tradable goods on the average. This
is a clear indication that there are barriers to entry for consumers to buy
at the cheaper source, and, more likely, for producers to reap profits from
the more favourable markets. It is an inefficiency in resource allocation, and
a disadvantage for the low price countries’ producers, and in as much as
production creates income also for their consumers.

Another reason for the observed variation of purchasing power may be
found in the markets determining factors exchange rate of national currencies.
A national currency is not just a means of payment, but it performs this
function in connection with its ability to serve as a storage of value. The
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expectation of the future selling price of an asset determines its demand
today. Without going into the details of monetary economics it is plausible
that strong economies attract more investors than weak ones. Investing in
financial assets of a strong currency may entail risk of devaluation, of course,
but for weak economies the risk is generally higher. The financial interest in
a currency as a store of value dominates the forces that work on the exchange
rate from the production side, and this may explain, why purchasing power
parity deviates from the market exchange rate in correlation with the living
standard of a country. For the world’s product markets this financial factor
creates another imperfection, of course, and constitutes a barrier to entry
for those countries that have to pay highly valued foreign products with low
valued domestic products.

If we interpret variance in purchasing power of national currencies as
caused by market imperfections we can measure these distortions by means
through an analytical revaluation. This does not mean to find the exchange
rates that would prevail in case equilibrium between countries were installed,
a question that could only be answered by means of a full fledged general
equilibrium model. We simply assume that the average is the equilibrium,
more precisely we assume that the purchasing power GDP measures the aver-
age productivity of a country and the real value of the resources it employs,
and that this productivity includes the exports of a country so that their
real value must also be measured in terms of purchasing power. Countries of
equal purchasing power are thus in mutual equilibrium, exchanging an even
share of real resources. Countries of unequal purchasing power are not in
equilibrium with each other, and the purchasing power parity measures the
degree of disequilibrium. Re-valuing all exports in this way using purchasing
power estimates from Table 1 changes Table 4 in the following way:

INECRIEEICAEE RS
GDP Price Level 1,10 1107]06(05]| 04
(estimated from Kravis and Lipsey 1983)
Trade in real terms
(valued at equal purchasing power of currencies)
Exports to | [1] I TRITET BT 6 All

Exports from exports
1 Developed countries — Europe 1321 250| 38| 69| 74| 243 1995
2 Other developed economies 251 606 6 5| 34| 522 1424
3 Former USSR — Europe 50 11 29| 19 1 39 149
4 Other Eastern Furopean economies 93 5| 12| 20 3 13 147
5 OPEC 106 | 148 6 4| 20| 114 398
6 Other developing economies 618 | 1200| 35| 25| 1301330 3338

All imports 2439 | 2220 | 125|142 | 262 | 2261 7449

All exports 1995 | 14241149 | 147 | 398 | 3338

Resource balance —444 | =796 | 23 5136 | 1077

Table 6. Resource flows in world trade 1997 (billions of USS$)
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Comparing Table 6 to the Table 3 of nominal flows the imbalances rul-
ing world trade become quite revealing. Countries of low productivity are
punished not by low wage levels, - that would be natural, but in addition by
low prices they receive for their resources when they devote them to exports.
Purchasing power parity analysis leads to a revival of the discussion about
inequality of trade, as contained in the classical Prebisch-Singer hypothesis.
But contrary to that method of looking into the change of terms of trade, the
result of which is dependent on the choice of time interval and inconclusive
in dealing with the effect of productivity improvements, an analysis in terms
of purchasing power, which yields a direct comparison in terms of standard
commodities, a more consistent picture of resource flows through the world
can be drawn.

You also find that the weight of developing countries in international trade
is much larger when measured in nominal exchange rates. So there is a case
for renegotiating the terms of trade if these are to reflect resource use an
their productivity. This is not to say that market exchange rates are wrong
and purchasing power parities are the correct exchange rates, in their place.
Both together are the results of disequilibrium. The question of how to pave
the way for equilibrium of production and exchange in world trade cannot
be answered through this analysis.

It is clear that the figures in Table 6 are far from being exact. They are
very rough estimates serving only the purpose of illustrating the structure
of the argumentation. A thorough investigation would have to deal with
each country and its currency, separately, and work in a detailed break-down
of commodities, probably with an elaborated labour-input matrix, distin-
guishing different qualifications (social accounting matrix). This is another
project.
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ACCOUNTING FOR DEMAND-EFFECTS IN
INPUT-OUTPUT PRICE-MODELS

TAMAS REVESZ
Ministry of Economic Affairs, Hungary

Input-output price-models traditionally concentrate on the cost-component
of price formation rules. This includes a mechanism determining which fac-
tors’ costs and/or returns will be built into the price of the products. Prices
which do not fit to this standard treatment are given either exogenously or
determined residually. Demand or pull-effects are treated explicitly only by
general equilibrium models or similar models determining prices and quan-
tities simultaneously. However, even the transparent, simple, linear input-
output models can represent most of the demand effects in a way which is
not less realistic than the results of complex ‘black box’ models which usually
contain untested and dubiously uniform price elasticities. Therefore, so-called

. reference prices are introduced which in the first place represent the prices of
the competitors, i.e., the price of the import or the price of the substitutes.
In addition, reference prices can be the exchange rate the wage level or the
price of any commodity which can be used as an argument or excuse for the
price increases of government set or monopolised products. More generally,
by weighting the individual possible reference prices one can derive baskets
of reference prices. In the final step of generalization one can weight together
the cost-effects and the reference prices in the following way:

p=({p-C+z)-(w)+p-Q-I—(w)), -

where p is the vector of all prices, z is the vector of expected nominal unit
profits, C is the matrix of the input coefficients augmented by the rate of
returns, Q is the matrix of the weights of the reference prices, I is the iden-
tity matrix and w is the vector of the weight of the cost-formula in the price
formation of the given product. The paper discusses several special cases
of this general formula which usually can be achieved by setting many of
the parameter values to zero or by exempting some of the prices from this
price formation rule completely. Some prices can be set exogenously and in
the case of the closed homogenous price model at least one price must be
exogenous and one rate of return must be endogenized. After the theoretical
part, the paper presents the results of a plausible scenario for Hungary. In
this scenario, in accordance with the government policy, the exchange rate is
devalued by 5% and a 30% oil and gas price increase is assumed at the world
market relative to their average price in 1999. For the individual sectors
different price formation rules i.e. different parameter values of the above
general formula are assuined. As a result the model predicts a 8% consumer
price increase for 2000 which is 1% higher than the original official progno-



122 Tamds Révész

sis (which counts on lower oil prices) but is in accordance with the general
expectation of the economic research institutes and the public opinion. The
author’s view is that such transparent models can be used widely and effec-
tively in the process of labor disputes and macroeconomic policy analyses
and can be easily modified to include even more sophisticated and relevant
price formation mechanisms.

1 Theoretical background

Economic theory has developed many (sometimes conflicting) theories of prof-
its, wages and prices. Demand side considerations refer to price and income
elasticities which in turn sometimes are derived from utility maximization.
However, on the market there are rather different users. The government,
the foreign buyers, the different industries and different social groups have
rather different consumer behavior. Therefore, models mostly describe the
demand of these agents separately which makes the model large and less
transparent. However, in the case of a single commodity not all these agents
are significant buyers. So the demand of the individual commodities can be
characterized in a much simpler way. It suggests the elaboration of vari-
ous partial equilibrium models. However, one should not forget to take into
account the price-interdependencies. 1-O price models are the widely used
tools to take into account the repercussion of changes in the unit costs of the
various products.

Input-output price-models traditionally concentrate on the cost-compo-
nent of price formation rules. This includes a mechanism determining which
factors’ costs and/or returns will be built into the price of the products. Prices
which do not fit to this standard treatment are given either exogenously or
determined residually.

To take into account the demand side effects too, I introduced so-called
reference prices, which in the first place represent the prices of the com-
petitors, i.e. the world market prices of the same commodity (more directly
represented by the import or export prices) or the price of the substitutes.
In addition, reference prices can be the exchange rate the wage level or the
price of any commodity which can be used as an argument or excuse for the
price increases of government set or monopolised products. More generally,
by weighting the individual possible reference prices one can derive baskets
of reference prices. In the final step of generalization one can weight together
the cost-effects and the reference prices.

Note, that the suggested weighted-price concept has different assumptions
about the demand. In the case of the exogenous prices, change in the demand
is not considered at all. In the case of the monopolistic prices one can assuine
that they maximize profits subject to social tolerance. Finally, in the case
of the commodities facing strong competition the computed weighted price
estimates the price level which partially would not change the share of the
suppliers of the total supply, which in turn should equal to total demand of the
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given commodity. Obviously, the simultaneous solution of the price system
and the possible (presumably not too significant) feedback of the changing
consumption patterns on the relevant price indices requires more theoretical
discussion and clarification of the definitions, but in practice it probably
can be handled by the distinction of further cases, without fundamentally
changing the mathematical characteristic of the solution method, which we
are going to review in the next section.

2 The formal presentation of the general price
model

The result of the above generalizations can be formalised in the following
way:
p={p C+z) - (w)+p-Q-(I—(w)), (1)

where

p is the vector of all prices (products and factors alike),

C =U+ (r) - D+ (s) is the sum of the input coeflicients (U, which is the
technology matrix supplemented with the rows of the unit factor inputs and
with the columns of the consumption, investment and export patterns) and
the basis of the price proportional returns,

z is the vector of expected nominal unit profits,
Q is the matrix of the weights of the reference prices,
I is the identity matrix, and

w is the vector of the weight of the cost-formula in the price formation of the
given product ((w) is its diagonal matrix equivalent).

The formula of C requires some more explanation. Above the costs of the
inputs a part of the surplus is expected to be generated as given percentages
of the costs. Costs, as can be seen, are the products of prices and quantities
(volumes). Therefore, in the first round we can compute the expected returns
at constant prices and multiply them by the prices only afterwards (mathe-
matically: r-(p)-D = p - (r) - D). Similarly, prices may include a certain
kind of cost-independent but still output-price proportional term (‘mark up’
or ad walorem indirect tax) which in effect is a given percent of the current
output value. These percentages are included in the vector denoted by s.

Note that D can differ from U at least for two reasons. First, while the
corresponding rows of the U input coefficient matrix contain the quantity
of the consumed capital and labor, in D we may replace these rows by the
total stock of the physical and human capital required for producing one
unit output. These latter categories can be (and in the case of the capital
usually are) the basis of the return expectations. More generally, we can
modify the basis of the return calculations according to our ideas about their
relevance in the price formation of the given product. Setting them to zeros
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will exempt them completely from the return generation requirement, even
if for the given category a positive standard rate of return (corresponding
element of r) applies. In general D renders possible the differentiation of the
return expectations accross users.

Moreover, the whole cost-based formula can be dropped by setting the
corresponding element of w to zero.

Turning our attention to the second part of (1), let us discuss the meaning
and role of the Q matrix. For example, a value of 0.5 at the intersection of
row 1 and column 2 means that half of the first price (multiplied subsequently
by the corresponding element of (1 — w)) will be built into the price of the
2nd good. Generally, in regard of price homogeneity, the sum of each column
of Q must be 1. Otherwise an e.g. 10% inrease of each reference prices would
result in a different increase in the dependent price which is rather difficult
to justify.

The role of the reference prices are particularly important in open market
economies where prices have to accommodate to world market prices and the
exhange rate. If the import prices do not guarantee sufficient profitability
for the domestic producers they should improve their efficiency or by closing
down the less efficient factories they should contract.

Pull-effects of higher household incomes can be taken into account by
using the general wage index as a reference price. Wage income is the ower-
whelming component of household incomes so this trick captures most of the
income effects. Note that this kind of use of the wage index is different from
the wage-cost consideration which belongs to the supply analysis.

The possible cases of the reference prices are so numerous that we do not
attempt to disscuss them all. Instead, in section 3 we present an application
which was elaborated for the currently rather important and much debated
issue of the effect of the big jump of the world market oil prices.

2.1 The solution of the general price model

By rearranging (1) we obtain the following:
P {I-C) (W)+{I-Q) - I-(w)} =2z (w). @)

Note, that if z is different from zero, then the inhomogenous price model can
be solved by multiplying the equation by the (normally existing) inverse of the
matrix in the { } brackets. Otherwise, we get the so called closed price model,
in which the price level can not be determined from (2), therefore one has
to select some exogenous prices (at least a numeraire), and by endogenizing
(rescaling) some of the elements of r make sure that the system has a non-
trivial solution.

Returning to the inhomogenous case, after permutating (reordering) the
elements of p and similarly the corresponding rows of the compounded matrix
in the { } brackets appropriately, we can derive the following relationship:

[Pup] M=b, (3)
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where pp,, P are the vectors of the endogenous and exogenous components of
p respectively, b = z- (w) and M is the permutated matrix. By partitioning
M to an M,, and M, upper and lower part respectively, we get

pTL'M71+pI'MI:b7 (4)

formula. This has a unique solution if we drop so many columns (price
equations) that the remaining M,,,, matrix becomes a square matrix and
invertible. Then the solution will be the following:

Pn = (bn — Pz Mg,) - M;nl g (5)

where M, and b,, denote the similarly truncated M, matrix and b vector
respectively, and the —1 exponent represents the matrix inversion.

3 Estimating the effect of the oil price in-
crease

3.1 Formation of the scenario

For the analysis I choose the latest I-O table for Hungary i.e., the 1996 table.
In this table one can find 21 sectors. Unfortunately, energy sectors are not
separated out of the mining, chemical industry and utilities. However, since
imports of mining products consists almost exlusively natural gas and crude
oil I just assumed that the import price (in dollars) of the mining industry
products increase by 30%. Note that in 1999 the average import price was
$18/barrel while from the beginning of this year it has increased from cca.
$25/barrel to $30/barrel. So even by taking into account that natural gas
prices lag behind the oil price fluctuations, the 30% increase seems to be a
rather modest (optimistic) assumption (especially knowing that the forint is
pegged to the euro and the dollar has appreciated considerably against the
euro).

In the last 5 years the exhange rate served as an inflation anchor in Hun-
gary. In every year, the forint has been appreciated in real terms (cca. around
2-3% a year). In any case, the crawling peg system with the pre-announced
future nominal devaluation rate makes the exhange rate as a practically ex-
ogenous and predictable price of the Hungarian price system. For year 2000
the yearly average nominal devaluation will be around 5%. So in the price
model the exchange rate index is set exogenously to 1.05. Next, the price
index of the mining industry products is set to 1.3 -1.05 = 1.36.

For the rest of the 21 sectors and the labor and capital I assumed that
there 18 no ‘money illusion’, i.e.; they try to maintain the real value of their
surplus. I did not want to assume any conceptual change in the existing price
formation mechanisms.

Therefore, I simply assumed that the sectors will try to maintain their
observed surplus/output value ratio. Here the ‘surplus’ is defined as the value
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added less the wage cost, which means that (due to lack of data) capital costs
are not separated out.

However, these desired cost-based prices can be put into practice only in
the case of government protected or monopolistic sectors where the demand is
inelastic. Note that although the demand for certain agricultural products is
elastic, the government provides large export subsidies and imposes import
quotas and prohibitive tariffs to create artificial shortages in the domestic
market. In addition, the inputed price of the non-market services absorbs all
cost increase by definition. Into this category belong the services produced
by budgetary institutions and provided free to the households and the in-
puted rent of the housing stock. Note that in the latter case I assumed that
prices follow directly (and exclusively) the price of capital (which is in turn
determined by the investment price index). After all these and similar con-
siderations, I selected sectors No. 1, 2, 8, 11, 16, 17, 19, 20 and 21 as sectors
which can pass all their cost increases to the users. On the other extreme,
sectors No. 5 and 9 are assumed to be just takers of the world market prices.
Since I did not consider any other world market price movements (which is
again a little bit optimistic approach), their price index is simply equal to
the exchange rate index. The rest of the sectors differ in the weight of the
cost-plus formula in their price formation rule and in the name(s) of their
reference prices as shown by Table 1.

Weight of the
Sector name cost formula | wage | capital | exch.rate
1.  Agriculture 1
2. Forestry 1
3.  Mining exogenous 1
4.  Food-industry 0.5 0.5
5. Light industry 0 1
6. Chemical industry 1
7.  Building materials 0.6 0.2 0.2
8. Metallurgy il
9. Engineering 0 1
10.  Other manufacturing 0.4 0.3 0.3
11.  Utilities 1
12. Construction 0.4 0.6
13.  Trade 0.5 0.5
14. Hotels-restaurants-catering 0.7 0.3
15. Transportation 0.6 0.4
16.  Telecommunication 1
17.  Financial services 1
18.  Business and personal serv. 0 il
19.  Public services 1
20. Education 1
21. Health and welfare services 1
Wages 1
Capital il
Foreign Exchange exXogenous

Table 1. The assumed prices formation rules
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Sector name Price increase
%
1. Agriculture 8.1
2. Forestry 8.3
3. Mining 36.0
4. Tood-industry 8.0
5. Light industry 5.0
6.  Chenical industry 12.8
7. Building materials 8.6
8. Metallurgy 9.1
9. Engineering 5.0
10.  Other manufacturing 6.9
11.  Utilities 15.7
12. Construction 8.1
13. Trade 7.9
14.  Hotels-restaurants-catering 7.9
15.  Transportation 8.1
16.  Telecomimunication 7.7
17.  Financial services 7.3
18.  Business and personal services A
19.  Public services 8.0
20. Education 8.0
21. Health and welfare services 8.1
Wages (=Consumer Price Index) 8.0
Capital (=Investment Price Ind.) 7.1
Foreign Exchange 5.0

Table 2. The resulting price indices

3.2 The results

The main results can be seen in Table 2. Apart from mining, the highest
price index is that of the sector of ‘utilities’. This is due to the fact, that
utilities contain the heat and electricity production, which use considerable
amount of natural gas. As specified above, all the price increases are as-
sumed to be passed over to the consumers. In the second place we find the
chemical industry which contain the refinery too. The refinery sector uses
crude oil while the heavy chemical industry (which produces fertilizers, po-
livinilchlorids, olefins etc.) uses much of the refinery products and natural
gas. Note that for the heavy chemical industry the price index would be much
higher, but the not energy intensive light chemical industry (pharmaceutical
products, cosmetics, etc.) partly counterbalances this effect.

From the above weight one may compute how the above changes affected
the average profitability of the individual sectors. Since wages were assumed
to be fully indexed to inflation, the observed 8% wage increase represents the
consumer price index, too (by assuming that the effective consumption tax
rates do not change which, however, may be questioned in the case of the
gasoline tax). More precisely, we could just say that the wage index is equal
to the average producer price index weighted by the household consumption
structure. Tnvestment (i.e., capital) price index shows a little lower average
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price index. As known, the investment price index is practically the weighted
average of the price of the engineering industry and the construction industry.

The simulation results show that the government’s 6-7% prognosis for
this year’s consumer price index seems to be difficult to reach. Of course,
efficiency improvement may help in reducing the costs, but then workers may
demand higher real wages, too (not just mere indexation). Our doubt is in
accordance with the general expectation of the economic research institutes
and the public opinion. As a further check, I run similar scenarios with the
only operating Hungarian applied general equilibrium (CGE) model (Révész-
Zalai, 1999) which was calibrated for 1998,

Depending on the macroeconomic closure of the model and assuming
downward rigidity or stickiness of certain prices I could compute a 2-3%
increase in the price level as a result of the 30% increase of the world market
oil and gas prices. Note that these scenarios do not take into account the
internal inflationary pressures which was represented by the 5% nominal de-
valuation in the I-O model. Hence, by adding the internal component (i.e.,
the 5%) of inflation, we may say that the CGE model predicts also a 7-8%
price increase in 2000.

The author’s view is that such transparent models can be used widely
and effectively in the process of labor disputes and macroeconomic policy
analyses and can be easily modified to include even more sophisticated and
relevant price formation mechanisms.
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