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Introduction

Examination of inter-sector relations in nationghut-Output tables is very important and popular.
It helps us to predict and model changes in them@oy when particular “shock” occurs. This
analysis is useful not only for the whole natiord a@he neighbouring states, but also for the
interregional level. Generally, we can distinguisto main types of the regional input-output
models — interregional (IRIO) and multiregional (MR. According to theory (see e.g. Miller and
Blair, 2009) the IRIO models are much more dataatedmg, therefore, more attempts to construct
regional input-output models can be found of MRYpe. Popularity and importance of this topic
was proved by the fact that the whole special isgfueconomic Systems Reseatburnal 25:1,
March 2013) was dedicated to the MRIO models. Hareit is always necessary to define the
“level” of regions. In the Special Issue these waistly the world states (e.g. EORA, EXIOBASE,
GTAP, IDE-JETRO or WIOD). We are in this paper fsioig at the “real” regional level, i.e. sub-
national parts of one state, namely 14 NUTS 3 regf the Czech Republic. The aim of this paper
is to present the main findings when applying thRI® model on a small and open economy,
namely 14 NUTS 3 regions in the Czech Republic.

The paper is divided into several sections. Sectidmings an insight into the topic and describes
the first necessary steps in construction of theehand some preconditions which were essential
to decide about at the very beginning.Section 2ateplecisions connected with regional structure
of the Czech Republic and specifics of its regi@ection 3 briefly discusses the most difficulttpar
— estimation methods of interregional trade andi@ea! introduces method that we used for the
first estimate. Section 5 contains the resultsdisdussion of them. Last section concludes.

1 Theoretical background

1.1 SIOT tables in the Czech Republic and regional IO mdels

At this time input-output tables are regularly psbéd in the Czech Republic by the Czech
Statistical Office only at national level. Supplgpdause tables (SUT) are available every year,
symmetric input-output tables (SIOT) every five geéplus additionally the year 2009) in the form
of product-by-product, industry-by-industry and guot-by-product based on the Almon procedure.
SIOTs are officially published in the Czech Repaldbr 82 products in classification CZ-CPA,
however they can be computed for 88 or 110 prodastaell.Figure 1 shows structure of Czech
SIOT table.
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Figure 1 — Czech SIOT table
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This paper is aimed at the construction of a madional input-output (MRIO) model in terms of a
small and very open economy. If we consider genegalation (1) of IO tables (see Miller and
Blair, 2009, for details), where stands for total gross outptitior final demand and for Leontief
inverse matrix,

x =(I —A)*f = Lf : (1)

the main difference among interregional and mugtoral models lies in the computation of
technical coefficients matri (in case or RIOT defined & or A™). Whereas in case of the IRIO

model, we take into account the region of originwal as region of destination, in case of the
MRIO model the region of origin is neglected. Thiads to computations of technical coefficients
(elements of matriyd) according to equation (2) for case of the MRICdelo
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and according to equation (3) for case of the IRiGel
i
aij _X_Jr ) (3)

J
whereZ"; stands for crown flow of a good in sectdrom regionr to sectoj in regionr, andz';

shows neglecting of region of origix; stands for total output of sector j in region r.

Regional input-output models provide a set of ecasanultipliers that can be used to monitor the
effects of changes in the demand for economic igiiv a given region, mostly individual changes

in final demand through the economy in a short-tipeeiod. We call such models as impact or
multiplier models. The issue of regional multipfiethat uses a more general concept including
multipliers in the field of employment, income, Is@holds but also government revenue, is often
used for the impact analysis at a regional level.

1.2 Regional input-output multipliers*

In the input-output model for one regionis one way of capturing regional relationships agio
sectors given by a matriX" obtained by multiplying the vector of inputs’ paions required by
individual sectors and matrix of technical coetfigis A. If we consider the estimates of
households’ inputs (household consumption and ikcpmduced in the region), the model can be
closed with respect to households with the fact thallows us the calculation of regional
multipliers of total income.Regional multiplier fpth sector is obtained as a sunj-tfi column of
Leontief inverse matrix. We consider matrix of teical coefficients for a two-region interregional
model

Al‘l‘ AI‘S
A = ASI‘ ASS]

(4)

and Leontief inverse matrix

3Leontief inverse matrix is defined hs= (I —A)™.
*For more in-depth analysis of regional input-outpuitipliers see Miller and Blair (2009).

3



L1q le]
L= ) 5
Lo Ly )

The basis of the IRIO and MRIO models lies in taetfthat they include impacts in one region (
caused by changes in another reg®ndften referred to as interregional spill-ovefieets captured
by sub-matricet 1, andL 2. Using thelRIO model, three multiplier effects danfound. One group
is formed by intraregional effects. If we consitl®o regiong ands, then we obtain a multiplier for
regionr by multiplying unit vector and sub-matrix; and analogously a multiplier for regigrby
multiplying unit vector and sub-matrik,,. Another group is formed by interregional effects.
Interregional input-output models include impaatsane region caused by changes in another
region (so-called interregional spill-over effecs)d these impacts are captured by sub-matkiges
and Ly;. And finally, the third group includes nationalfesfts. If we consider the existence of
exogenous growth rates in the final demands fodgawf regionr, then the national effects in the
sectors’ outputs of regionare represented by the column totals of sub-nesttig; andL2. For
regions national effects are represented by the colunaigaif sub-matriceki, andL 2.

All multipliers in the IRIO model have its countams in the MRIO model. Each of the
components of interregional case has its estimatedgnterpart in multiregional case. The
multiregional model can be written by equation ®mpare with equation (1)

x = (I —CA)'Cf . (6)

An important fact is that exogenous sectors inlRI® model represent final demands for goods
produced in a particular region, whether they diccated anywhere. In the MRIO model vectbrs
represent demands for goods performed by exogesemiigrs allocated in a given region, whether it
was manufactured anywhere. The magixlistributes final demands through supplying region
accordance with the proportions contained in corepts1of matrixC. Finding of intraregional,
interregional and national effects is based onsame principles as for the interregional input-
output multipliers.

1.3 Steps done so far

Our aim is to construct regional input-output tab{RIOT) for 88 products and subsequently the
MRIO model for further analyses. Creation of ourdmloconsists of several phases.The first step
was definitely the regionalisation of componentserpenditure approach to GDP to 14 NUTS 3
regions (Final households’ consumption expenditUfesal government consumption expenditures,
Final NPISH consumption expenditures and Gross drigapital Formation). The previously
estimated regional price levels (see e.g. Cadill.e2014) were included into computations. Then
the commodity breakdown needed to have been estiveatd balance for each product in each
region was found. For details see section 4. Thésteps are estimation of foreign trade (seeén th
next sections) and the matrix of intermediate corsion.

There have so far been no attempts to construcdna&ginput-output tables as there are several
obstacles.One of them is definitely the missing pitetion of regional GDP using consumption
approach (for comparison of all three compilatippr@aches in the Czech Republic environment
see Kahoun and Sixta, 2013). However, first expeni@ estimates are already available
(Kramulova and Musil, 2013). The second, even nooraplicated, is the problem with estimation
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of foreign trade at the regional lev(see e.g. Bracalente and PerugR010,Chlad and Kahoun,
2011 or Harris and Liu, 1998Apart from internaonal tradejt is necessary to take into accol
also the interregional trade. And data sourcedatre¢gional level are really very scarce. We
discuss in section Bossible approaches to estimate the ' as this is the main task standing
front of us at the moment.

2 Regional structure of the Czech Republi

We have already mentioned that Czech Republa small and open economy. Let us introd
these two characteristics more closely. In the wl@tech Republic there live around 10.5 mill
inhabitants and itis divided into 14 NUTS 3 regions ranging from appmately 300,00(
inhabitants in case of Karlovarsky kraj up to slighess than 1.3 million inhabitants in case
Stredocesky kraj and PrafRrague. The regional distribution is shovim Figure2.

Figure 2 - NUTS 3 regions in the Czech Republic
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SourceMinistry of Transport, 2005, authors’ adapi

This means that regions are really quite small rmoedeover interrelated. It occurs quite often 1
people living in one region work in (and every degmmute to) another, not necessa
neighbouring, region. This phenomenon is mostlyificant in surounding regions of big citie
which offer better opportunities of work. This opess of regions brings some other impor
consequences. It is cledhat shares of interregional and international da@tions on tote
transactions in the regions dnghly significant. These regions vary quddot, especiall from the
point of view of economic performance or sectorcgdezation. Forexample he capital city of
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Prague forms a separate region (actually a cityom@gand it is obvious that its economy
substantially differs from the surrounding regiarich has more or less the function of its suburb,
or some other more rural regions.

3 Methods for estimation of trade

As it was already stated, interregional trade & ittost difficult to estimate. The main problems
consist in so-called cross-hauling (i.e. cross-boritade among regions) and missing data on
commodity flow among regions. There are generaltyarapproaches that may be used for estimate
of the trade. Each of them has advantages andwdistjes. The main disadvantages are usually
strong preconditions of the methods.

Very frequently used are different types of locatmuotients (see e.g. Tohmo, 2004). They were
experimentally computed also in the Czech Repuhblideast for two regions — Moravskoslezsky

kraj (Skokan, 2004) and Jihocesky kraj (Badwa, 2007). However, these computations served
predominantly for the identification of clustersowever, e.g. the precondition that there exists no
trade with the same product is very strict. Ridtiimget al. (2006, p. 1069) confirm that using

“location quotient approaches may produce misleadasults”. Among other approaches we can
mention e.g. gravity models (Riddington et al., @0 Casini Benvenuti et al., 1996). Next section

will introduce our approach that we used for thstfestimate of the trade.

4  Our approach to trade estimate

It was introduced earlier, that the Czech Staasét(@ffice does not publish data on expenditure
approach in regional breakdown. Firstly, final aomption expenditures and gross capital
formation were estimated. Final households consiompxpenditures (FHCE) form the biggest
expenditure component (about 50 % at the nati@vall), but this share varies at the regional level
(Kramulovd and Musil, 2013). FHCE in regional bréakn were estimated using many
regionalisation keys; calculations were done in COP classification in which national data and
regionalisation keys are available. National traosi key (COICOP x CPA) was used for
transformation of the data into product classifmat CPA. Final government consumption
expenditures consist of two components: non-maskgtut and social benefit in kind. Non-market
output was regionalised by compensation of empkyeeindustrial division. The main part of
social benefit in kind forms health services thatrevregionalised by revenues of hospitals from
health insurance companies. Other social benefkind was allocated to regions by Mid-Year
Population. Final consumption expenditures of noofip institutions serving households were
estimated similarly. Gross fixed capital formati@nestimated regionally and published by the
Czech Statistical Office. Changes in inventoriesenestimated by gross value added of industries
in which inventories can occur. Net acquisition w@luables, which is a negligible item, was
regionalised by structure of gross fixed capitairfation. In the first step all macro-aggregatesewer
estimated in purchasers’ prices. In order to obt@&tro-aggregates in basic prices all valuatios set
had to be estimated. There are no special regtanals and subsidies on products in the Czech
Republic, therefore taxes and subsidies were d#dcao regions proportionally to uses at
purchasers’ prices. The same approach was applig@drsport and trade margins, though luxury



products with higher rate of trade margin are sohinly in Prague. Authors are convinced that a
share of these products is quite small and it doéefluence the results.

The difference between output approach and abovéioned components of expenditure approach
is caused by net export that consists of interregiand international trade. There is no data sourc
for estimation of export and import of regions. fiéfere, we have developed a model for
estimating export and import of regions that igale for small countries. International export and
import was divided into three parts: export/impoftgoods, purchases of non-residents abroad,;
purchases of residents abroad respectively andrégxpoort of other services. We suppose that
export capability of all regions is the same i.ehare of export of product on its output is thesa
This approach is applied on export of goods anaexq other services. Tourism Satellite Account
(namely the indicator “Number of overnight staysallective accommodation establishment”) was
used for regionalisation of purchases of non-regglelourists spend most nights in Prague (about
60%) and in Karlovarskykraj (about 17%). Later, tta¢a are transferred from purchasers’ prices to
basic prices as described above. We suppose the galmation on goods on the border of the
country as on the border of the region. This ifina with current practice of the Czech Statistical
Office, because the value of export of goods aichaéces and in FOB (free on board concept) is
the same.

International import of goods was allocated intgioas by domestic uses at basic prices. As non-
market output cannot be internationally tradedjaddmenefit in kind is only taken into calculation
for government and NPISH consumption expendituPeschases of non-residents at basic prices
are taken into accounts because also non-residantbuy imported goods (e.g. whiskey). Import
of other services was regionalised by intermediatesumption at basic prices as we expect no final
use of these services. Purchases of residentschlarex@ allocated to regions by final household
consumption expenditures. An assumption of the ssimaee of purchases of residents abroad on
FHCE in all regions is quite strong and the share\ary because of different regional standard of
living. On the other hand, the share of purchasegsidents abroad on total import or on final
household consumption expenditures is small.

5 Results and discussion

Estimated international export and import are shawtine Table 1. The highest surplus of foreign
trade is observed in ®daesky kraj. This region is quite export-oriented hwitvo huge car
factories (Skoda Auto and Toyota Peugeot Citroétodobile) that export significant part of their
output. Balance of international trade is in defini the capital city Praha. There is a very small
production of goods that have to be imported, eags. Net export of goods is about -170 000 mil
CZK which is partly compensated by net export ofviees. Total balance of foreign trade
(international and interregional) has significantpdus, about 150 000 mil CZK (Kramulova and
Musil, 2013). It means that balance of interregianade is in surplus that is caused by several
reasons. Commuting from i8tatesky kraj to Praha is usual because Praha offer® noi
opportunities than any other region in the CzeclpuRéc. Commuters spend a part of their
expenditures in Praha that are recorded as expaergices in Praha and import of services in
Stredaiesky kraj. Moreover, many people from other regibws temporarily in Praha. Another



reason is export of services such as marketing@ sefvices of headquarters of companies in Praha
to branches or factories in other regions.

Tablel: International export and import, 2011, mil CZK

Region International export| International import | Balance
Praha 37113/ 419 271 -48 134
Stredatesky kraj 457 064 390 354 66 710
Jihosesky kraj 122 601 124576 -1975
Plzaisky kraj 149 409 134 671 14 738
Karlovarsky kraj 58 580 45 751 12 829
Ustecky kraj 199 23y 225 625 -26 388
Liberecky kraj 108 288 90 320 17 968
Kralovéhradecky kraj 150 000 125 359 24 641
Pardubicky kraj 198 399 172 843 25556
Vysaoéina 117 171 108 921 8250
Jihomoravsky kraj 240 933 246 323 -5390
Olomoucky kraj 115919 112 121 3798
Zlinsky kraj 154 011 139587 14 424
Moravskoslezsky kraj 376 154 324 599 51 555
Czech Republic 2 818 903 2 660 321 158 582

Conclusion

The paper describes benefits and difficulties cotetewith the MRIO model specification for very
small regions of one country. The main obstacles lemited data sources and strong regional
relations. Our model improves current regional ysed that are based on national Input-Output
tables and fully ignore differences in the struetaf regional economies.

We did not find locationquotients as appropriatehud for the conditions of the Czech Republic
and developed methodology that enables to estimétenational export and import in product
breakdown that is necessary for regional analyaseth on Input-Output tables. On the other hand,
interregional trade can be expressed as a balarige As the Czech Republic is a small country,
relations among regions are strong which can bergbd in Praha.

This approach serves as a first estimate that hellfurther adjusted using more sophisticated
methods that may verify or falsify these first désuAfter successful solving of previous obstacles
(estimate of components of expenditure approachegional breakdown, transformation from
COICORP classification to CPA or shift from purchaserices to basic prices), a good estimate of
international and interregional trade is now a ssagy condition for further steps in developing the
MRIO model for Czech NUTS 3 regions.
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