
Charles University in Prague

Faculty of Social Sciences
Institute of Economic Studies

BACHELOR THESIS

Czech and Chinese Trade Relationships:
Evaluation and Impact

Author: Miroslav Jakab

Supervisor: Ing. Vilém Semerák, M.A., Ph.D.

Academic Year: 2016/2017

http://www.cuni.cz/UKENG-1.html
http://fsveng.fsv.cuni.cz/FSVENG-1.html
http://ies.fsv.cuni.cz/index.php?module=board&action=board&lng=en_GB
mailto:miroslav.jakab.ml@seznam.cz
mailto:


Declaration of Authorship

The author hereby declares that he compiled this thesis independently, using

only the listed resources and literature, and that this work has not been used

to gain any other title.

The author grants the Charles University permission to reproduce and to dis-

tribute copies of this thesis document in whole or in part.

Prague, January 3, 2017
Signature



Acknowledgments

I would like to thank my supervisor, Ing. Vilém Semerák, M.A., Ph.D., for

his aid and advice as well as for inspiring lectures on the topic of international

trade during my bachelor’s degree studies.



Bibliografický záznam
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Abstract

The focus of this work is an analysis of the economic relationships between

the Czech Republic and China. This is done by calculating indirect trade flow

estimates from national input-output tables to provide a full picture of the

trade relations. A Computable General Equilibrium (CGE) model is then used

in order to evaluate the interconnectedness of the two economies based. The

findings reveal a picture of relatively low influence concerning general welfare

changes, which can nevertheless bring benefit or loss to particular industries

involved.

JEL Classification F10, F11, F17, F41, F47

Keywords Input-Output analysis, CGE, Computable Gen-

eral Equilibrium, international trade, re-exports

Abstrakt

Předmětem této práce je analýza ekonomických vztah̊u mezi Českou repub-

likou a Č́ınou. Za t́ımto účelem jednak zahrnuje do obchodńıch vztah̊u obou

zemı́ odhad nepř́ımých obchodńıch vztah̊u vypočtený z národńıch input-output

tabulek pro poskytnut́ı plného obrazu obchodńı provázanosti, jednak na mod-

elu všeobecné rovnováhy (CGE) ukazuje mı́ru propojenosti obou ekonomik.

Z výsledk̊u vyplývá, že vliv na úrovni základńıch makroekonomických ukaza-

tel̊u neńı extrémně velký. Na úrovni jednotlivých odvětv́ı lze však vysledovat

kokrétńı možnosti zisku a ztráty v závislosti na změnách v ekonomických ukaza-

teĺıch nebo tržńıch politikách.

Klasifikace JEL F10, F11, F17, F41, F47

Kĺıčová slova mezinárodńı obchod, re-exporty, model

obecné rovnováhy, Input-Output analýza
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Preliminary content of the work: As arguments about the importance of

trade relations between the Czech Republic and a number of countries around

the world have been and are used for encouraging and justifying various trade

policies, it is essential to determine the extent in which they truly influence the

economy of our country.

This work aims to evaluate the influence of trade relations (and possible occur-

rence of shocks) between the Czech Republic and China on the Czech GDP. As

it has been already shown, this impact cannot be comprehensively evaluated

merely by taking direct imports and exports in account. A substantial part of

trade between the Czech Republic and China is realized through third coun-

tries.

The analysis in this work will be twofold, one will be the measurement of the

direct and indirect trade flows between the Czech Republic and China and the

other one will be the evaluation of their impact on the Czech GDP. The former

part of the analysis will use import matrixes of relevant countries and Input-

Output analysis in general to approximately estimate the amount of re-exports

and indirect Czech exports to China. The latter part will presumably use the

computable general equilibrium (CGE) model to estimate the impact of the

discovered trade relations.

The work should be structurally divided into five parts. Part I. of the work

will serve as an introduction to the topic. Part II. will essentially consist of

three subchapters which will review the literature, describe the methods of

measuring the magnitude of re-exports and indirect trade flows and the model
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describing the influence on the Czech GDP respectively. Part III. will focus on

the calculation of indirect trade flows between the Czech Republic and China

while Part IV. will sum up the findings of the evaluation of influence on the
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Chapter 1

Introduction

In light of numerous discussions on the necessity of advancing trade with vari-

ous countries, it appears increasingly important to provide a better picture of

the actual meaning and value of these relationships. The public discussion on

the topic of trade with the People’s Republic of China (PRC)1 does usually not

appear to go beyond reciting official export statistics. Such an approach is by

far not complete.

Clearly, international trade, exports and imports of a nation, are one of the

basic variables influencing every open economy. It influences the total Gross

Domestic Product (GDP) (1) directly through the basic national accounting

GDP equation and (2) indirectly through the web of relationships in an econ-

omy, where the international supply and demand further influence the internal

sectors, which form the rest of the mentioned GDP equation. Important as it is,

the influence of international trade is not that simple to measure and evaluate.

When examining the data on imports from one country, one can see the im-

porting country’s authorities do not register a corresponding volume of exports.

Input-Output (IO) tables, elaborately constructed depictions of accounting re-

lationships in an economy, serve as a useful tool to reduce this discrepancy and

to reveal other relationships, which can not be observed in basic trade data.

Furthermore, even precise knowledge of the basic trade data is not enough to

assess properly the impact on the economy. Changes in trade of one sector

effect also the sectors which did not participate on the trade as well as other

countries of the world economy. One answer to this is to use the classical

Cambridge assumption (as described by Holman (2005)): the studied market

is so small and irrelevant, that it does not significantly influence the rest of the

1Throughout this work, the PRC shall be called China for the sake of simplicity. Several
exceptions are made in cases when the interpretation of the word could cause ambiguity.
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economy. Such an approach can justify usage of a partial equilibrium model.

Nevertheless, in order to conduct a proper analysis of a market that is by no

means irrelevant, a general equilibrium model is necessary to asses the impact

on the rest of the economy. In this area, the Computable General Equilib-

rium (CGE) model is an invaluable tool of policy analysis, used by researchers

for various purposes for the last few decades.

The scope of this work is essentially a deeper study of the aforementioned trade

and economic relationships between the Czech Republic and China. The trade

relations do not appear extremely significant in the trade statistics of either

country. This statement, however correct, cannot be interpreted in as that

the economic situation of one country is irrelevant to the other. The work

shall tackle the issue of trade flow measurement between the two countries,

which can lead to better estimation of direct influence of trade between the

two countries. Furthermore, the work is going to assess the indirect influence

of the Chinese economy on the Czech economy, as described above. In attempt

to correctly simulate this influence, a world CGE model will be used. In the

framework of this model, the impact of specific changes and shocks in the Chi-

nese economy will be demonstrated. The goal of this work is to provide a more

complex picture of the economic relationship between the two countries. This

notion appears especially interesting in light of the current discussion about the

Chinese economic growth and its possible future. One could obviously expect a

somewhat larger interconnectedness and possibly different structure when tak-

ing into account also the indirect trade flows, the magnitude is to be estimated.

The industries with largest volumes of trade with China are also expected to

be most vulnerable to swings in Chinese income and/or import demand.

The thesis is structured as follows: Chapter 2 shall present the basic methodol-

ogy and literature review in the area of reducing the statistical discrepancies in

the reported trade flows. Chapter 3 will discuss the literature to CGE modelling

and the specification of the static neoclassical CGE model used in the work shall

be presented. In Chapter 4 the magnitude of true trade flows shall be computed

using Input-Output analysis to estimate re-exports and indirect exports, which

help to provide a more complete picture of the trade relationships. Chapter 5

will present a discussion of the particular details of the simulation as well as an

interpretation of the results of the CGE model in light of the findings of trade

flow re-estimation. Finally, Chapter 6 presents a conclusion.



Chapter 2

Indirect Trade Flows Estimation -

Theory and Methodology

2.1 Discrepancies in Trade Statistics

The discrepancies in trade statistics and trade flow evaluation are a well known

issue. Following (Yeats 1990, p.135), the history of economists studying statis-

tical discrepancies in trade statistics reaches at least as far as to 1953, when

the book International Trade Statistics, written by R. G. D. Allen and J. E.

Ely, was published. The presence of such discrepancies is after all very easy

to check using the so called mirror statistics : a statistic comparing data on

a single trade flow as reported by the two countries involved (the importer

and the exporter). The results of such a simple check are quite counter intu-

itive. Instead of being generally same or very similar, a clear difference can be

often observed. To illustrate this discrepancy on the example of trade flows

between the Czech Republic and China, a simple chart of trade flows in 2014

is presented.1

As clearly visible, a significant difference can be observed. It is quite clear,

that so great discrepancies in statistics recording the very same trade flow

cannot be left unnoticed and unsolved. Fortunately, the reasons of these dis-

crepancies can be explained and (often to a large extent) corrected by a closer

analysis of the trade flows as such as well as the methods of collecting data on

these trade flows. The main causes of the discrepancies as well as the methods

used to correct them shall be discussed in the two following subsections.

1Source: UN Comtrade Database
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Figure 2.1: Trade in 2014
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2.1.1 Causes of Statistical Discrepancies

There is a number causes of statistical discrepancies in trade flow evaluation.

They vary from mere mistakes to illegal practices aiming to reduce the tariff

payments; from mistakes in data collection to results of systemic issues of the

methods of statistical trade flow measurement. A brief discussion of the main

causes suffices for the purposes of this work, a good and detailed description

of these issues can be found e.g. in Ferrantino & Wang (2008) or in Veronese

& Tyrman (2009). For a better understanding, the causes of discrepancies are

often categorized by theorists according to various parameters. One exam-

ple of this categorization is focus on the collection of data in relationship to

the asymmetries in mirror statistics by Veronese & Tyrman (2009). (Can the

asymmetry be explained by differences in methodologies of different statistical

offices? Can the asymmetry be explained by dysfunctions in the data collec-

tion systems?) For the purposes of this work, it appears practical to sort them

into two categories in accordance with Tsigas et al. (1992):2 systematic and

unsystematic discrepancies. Unsystematic discrepancies, like mistakes in the

process of recording the trade flows, have one significant trait. They should

act as unbiased estimators of the true trade flows. That implies they create

2The authors of the quoted article use the term unreliabilities, it fits better to the smaller
set of discrepancies they describe.
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no (stable or coherent) long-term discrepancy in the trade statistics, positive

or negative. The same thing cannot be said about the systematic discrepan-

cies, which are caused by a property of the system of data collection. Luckily,

their systematic nature often allows a researcher to find patterns which help

to uncover them and account for them when evaluating trade flows. Among

these causes, one can find issues as mis-invoicing or mis-attribution based on

an incentive to firms’ behaviour (perhaps in order to reduce tariffs one has to

pay), systematic differences in accounting for exports and imports (the value

of exports is usually reported Free on Board (FOB) - without freight and insur-

ance, imports are reported as Cost, Insurance, Freight (CIF) - including freight

and insurance), re-exports or so-called goods in transit.

The re-exports are going to be more important further on, therefore they need

to be explained in more detail. The former of the two is used for a situation,

when goods are transported from, say, country A to the country C through

a third country B. The goods pass through the hands of a middleman in the

country B, this middleman simply sends the goods to country C. In result, the

exporter can register the concerned goods as exported to country B. Country

C, however, correctly registers the same goods as imported from country A.

The latter term, goods in transit, is sometimes confused with reexports. It rep-

resents merchandise which passes through ports without even leaving its carrier

(as described by Ferrantino & Wang (2008)) or, perhaps more comprehensibly,

merchandise entering a customs area for the sole purpose to be transported fur-

ther, as described by the United Nations manual from 1998 (Division & Office

1998, p.19). That is not compatible with the notion of re-exports as described

by the same document and by the new manual from 2008 (Division 2008, p.38).

Re-exports stand for goods that are exported by a country, that has previously

imported them from somewhere else (that means they were already registered

as imports in the given contry). Goods in transit are not included in trade

statistics of most developed countries (Division 2008, p.24) and are not regis-

tered by Eurostat statistics of trade with European Union (EU) non-member

states. Therefore, when referred to re-exports in this work, re-exports not in-

cluding goods in transit are meant.

As for the reasons why the re-exports should be considered a major cause

of statistical discrepancies, it should be noted that the Czech Republic is a

landlocked country with no harbor which would serve as a major hub for in-

tercontinental trade. Large volumes of goods are thus transported through the

EU (with low costs because they move within the customs union) one of these
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hubs, allowing for re-exports to occur.

2.2 Indirect Trade Flows

Before going further, one more division line ought to be drawn. The causes of

discrepancies discussed up to now were all issues leading to differences in the

national trade statistics. The idea of this work is to go beyond the statisti-

cal mismatches and rather focus on providing a more exhaustive picture of the

ways in which two countries can economically influence each other. The exports

of a country can significantly rely on the imports from other countries. This

was illustrated by the study of the share of imports used to produce German

exports in Loshky & Ritter (2006). Conversely, the economic relationship of

two countries should not be evaluated solely based on the trade flows between

them: if the exports of country B to country C are produced from a significant

amount of goods imported from country A, a fall in C’s demand for B’s exports

will logically indirectly impact A as well. In line with this logic, it appears rea-

sonable to consider these ”‘hidden”’ trade flows another kind of indirect trade

flows, together with re-exports. Both should be then estimated in order to pro-

vide a better image of the real economic dependency of the two countries. The

indirect trade flows described in the example above shall be further referred to

as indirect exports in line with the terminology used by Rezková et al. (2011).

In other literature, essentially the same methodology is described by the term

embodied trade, especially in connection with researching the amount of carbon

emissions embodied in international trade. The works of Tian et al. (2015),

Deng et al. (2016) or Rocco & Colombo (2016) (researching trade-embodied

energy) could serve as an example.

Following this pattern, two aspects of indirect trade relations will be addressed.

Firstly, the industry-specific re-exports shall be estimated (as well as their ag-

gregate volume). In this area, adjustments for systematic statistical discrep-

ancies must be made in order to reduce the persistent bias they cause. The

correction shall consistent with the logic presented in (Ferrantino & Wang 2008,

p.504), where the significance of the re-export discrepancy is arguably caused

by the significant position of Hong-Kong as an intermediary for Chinese exports

to the rest of the world. A similar case could be made for the Czech Republic

and the rest of the EU, namely Germany. A large amount of Czech exports

flows to the EU and Germany is a crucial trade partner of the Czech republic,

having largely interlinked economies.
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Figure 2.2: The EU’s share on the Czech exports in 2014
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Secondly, the amount of indirect exports shall be also estimated (once more,

both aggregate and industry-specific), although they obviously should not lead

to any systematic discrepancies in mirror statistics. They can also be, as shown

further, approximated using input-output analysis. Even though this issue does

not affect mirror statistics, the level of indirect trade flows of course does have,

as discussed, an impact on the involved economies (given relative stability in

these trade flows). Increases or decreases of trade between third countries to

one of which the Czech Republic exports significant amounts of intermediary

goods do affect the Czech exports through fluctuations of demand for these

goods. That is a good reason to estimate the patterns of indirect trade flows

and use them in sake of a proper assessment.

2.3 Methodology of Indirect Trade Flow Estima-

tion

When evaluating the volume re-exports and indirect exports, input-output out-

put analysis serves as a convenient tool. It is based on a simple idea (but quite

a challenging task in practice) of arranging all the transactions in a given pe-

riod between industries in an economy into a matrix-like table, where the rows

show how much goods from a single industry were used in every other indus-

try, while the columns show how much goods did a single industry buy from

every other one Leontief (1936). Thus every industry can contribute to the

production of one single industry. This approach negates the classical Austrian

school’s idea of a ladder of goods being differentiated by stages of production,

gaining added value on every step (Dorfman et al. 1958, p.205). The theoret-

ical roots of this approach reach at least as far as to the 18th century when

French economist François Quesnay introduced his famous tableau économique

in Quesnay (1766). The first practical application of the input-output method

as such was probably carried out by Wassily Leontief who analyzed the struc-

ture of the American economy in 1919, as claimed by (Miernyk 1965, p.5).

Nowadays, a Symmetric Input-Output Table (SIOT) based on the original Leon-

tief’s idea is a widely used tool of statistical analysis. For example, the EU’s

accounting framework - The European System of National and Regional Ac-

counts (ESA 2010) - does require the member states to construct (among other

principally similar tools) supply tables, use tables and SIOTs on an annual
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basis.3 This requirement shall be used for the benefit of indirect trade flow es-

timation. The statistical tables used in this analysis are constructed for years

2009 through 2012 (creation of these tables is time consuming, these are the

most recent tables in the Eurostat database in the time of creation of this work).

The notation concerning the methodology of indirect trade flow evaluation is

based on the works Rezková et al. (2011) and Rezková & Semerák (2012) and

partly on the work of Loshky & Ritter (2006) in the case of indirect exports.

Adjustments for re-exports and indirect exports will be explained separately in

the following two subsections.

The import matrices and other European trade data used for the purposes of

this work are all publicly available on the Internet. They are easily available

from the Eurostat’s trade database Comext4 or (in case of the import matrices)

directly from the Eurostat databases.

2.3.1 Adjustment for Re-Exports

As a cornerstone of re-export adjustment, one strong assumption has to be

introduced. For this analytical framework to work, one must assume that

one country’s share on the re-exports of the middleman country is the same

as the share of the country’s imports on the middleman’s imports in each

commodity, independent of the use of this commodity. The assumption is

necessary, because there are no comprehensive data describing the structure of

re-exports broken down by country. The “hidden” trade flows can be described

on a level of disaggregation allowed by the matrix used for the analysis. The

vector δCN
CZ ∈ Rk

0,+ represents the total re-exports broke down to k ∈ N groups

of goods (organized by industries according to the European standard NACE

Rev. 2). To find the value of this vector, we define the vectors πX
CZ ∈ Rk and

πCN
X ∈ Rk:

πX
CZ =

mX
1CZ

mX
1

, · · · , m
X
kCZ

mX
k

T

,

πCN
X =

xX1CN

xX1
, · · · , x

X
kCN

xXk

T

.

where X represents the country, which serves as the ”middleman”; mX
iCZ

3The ESA 2010 brochure can be found online at
http://ec.europa.eu/eurostat/documents/.

4Accessible online at http://epp.eurostat.ec.europa.eu/newxtweb/
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represents X ’s imports of the ith commodity from the Czech Republic and mX
i

represents the total imports of country X. Thus the vector πX
CZ represents the

share of Czech imports on X ’s trade. The vector πCN
X , on the other hand,

represents the X ’s shares of exports to China on its total exports in each

commodity.

Now, the vector δmX ∈ Rk
0,+ representing the total amount of re-exports,

broken down by NACE Rev. 2 industries, is extracted from the import matrix

MX of country X. Using the variables described above, the re-exports from the

Czech Republic to China through X are calculated using this formula:

δCN
CZ = πX

CZ • δmX • πCN
X .

Where the ” • ” symbol represents a matrix multiplication, defined as fol-

lows:

~x = {x1, · · · , xk}T , ~y = {y1, · · · , yk}T ,

~x • ~y = {x1 · y1, · · · , xk · yk}T .

Rewrote for commodity i ∈ {1, · · · , k} we get:

δCN
iCZ =

mX
iCZ

mX
i

· δmiX ·
xXiCN

xXi
.

This equation describes the rough estimate of the Czech re-exports to China

(through country X ). It is no more than the Czech share on X ’s re-exported

imports, multiplied by the share of the re-exports going to China, given our

assumptions. There is place for improvement, though. Firstly, the data on

re-exports in import tables provided by Eurostat is reported separately for

countries which are and which are not members of the EU. Using the data on

re-exports to non-member countries in combination with a share of exports to

China to exports outside the EU can bring a more precise picture thanks to

better specification of the trade flows. Also, as pointed out by Wlazel (2012),

the re-exports in the import tables are reported FOB, while the data on imports

from the EU are reported CIF, which essentially means that the imported goods

are weighted by costs of their transport, which vary by country of origin (the

CIF/FOB ratio is used as a determinant of transport cost for example by Nuno

& Venables (2001) although it brings certain problems, as described by the
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UNCTAD secretariat5). To correct for this, the ratio of imports from the

Czech Republic to total imports can be expanded by multiplying the ratio of

imports from the Czech Republic to imports from the EU taken from the SIOT

(which is reported FOB). Once more, for commodity i ∈ {1, · · · , k}:

δCN
iCZ =

mX
iCZ

mX
iIntEU

· m
X
iIntEU(SIOT )

miX(SIOT )
· δExEU

iX · x
X
iCN

xXiExEU

.

Where the indexes show whether the goods are traded with EU member

states (IntEU) or non-member states (ExEU). The note “(SIOT)” shows that

the reffered data is taken from the SIOT for the respective year. When tested

on re-exports flowing through Germany in 2010, the closer specification using

re-exports to non-member states has a significant impact on the result - a fall of

almost one fifth in total volume. The CIF/FOB provides more modest results,

causing an approximately 10 % change in volume of the re-export estimate.

This correction will nevertheless be used throughout the work, because the

results are more accurate. To conclude this subsection, to get the general

formula for a re-export correction ∆CN
CZ for aggregate trade flows, we would

simply sum the single commodity formula over i :

∆CN
CZ =

k∑
i=1

mX
iCZ

mX
iIntEU

· m
X
iIntEU(SIOT )

miX(SIOT )
· δExEU

iX · x
X
iCN

xXiExEU

. (2.1)

2.3.2 Adjustment for indirect exports

A different method has to be used to evaluate the indirect exports flowing

through X ’s economy. Because the Czech imports to X are processed by its

industries, before being exported to the end users in another country, X ’s use

of the imports has to be taken into account. In order to do this, we have to

use the domestic IO table of country X. Simple examples of IO tables can be

found in (Cahĺık 2010, p.18) or in (Loshky & Ritter 2006, p.12). The data

found in the input output table tell us how goods of different kids contribute

to production of the described economy, including its exports. In figure 2.4, a

model IO table is presented. The indicators important for the indirect export

adjustment are highlighted in bold.

The calculation itself can be derived from the fundamental equation of Input

5EFFICIENT TRANSPORT AND TRADE FACILITATION TO IMPROVE PAR-
TICIPATION BY DEVELOPING COUNTRIES IN INTERNATIONAL TRADE,
TD/B/COM.3/80, 11 December 2006
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Figure 2.4: A simple input-output table

Output analysis, which describes the relationship between the gross production

of an economy and its final demand:

A~x+ ~y = ~x. (2.2)

In here, ~x ∈ Rk is the vector of gross production in an economy producing

k ∈ N goods, ~y ∈ Rk is the vector of final demand and A ∈ M(k × k) is

the direct consumption coefficient matrix. That can be easily derived from the

domestic IO table, having every element aij representing the proportion of good

i necessary for the unit production of industry j. This can be written formally:

aij =
xij
pj
.

Where xij and pj are commodity uses and domestic productions of industry

j, taken from the input output table. We proceed by adjusting equation 2.2

by simple matrix algebra in order to get the so called Leontief inverse for the

given economy:

~x =
I− A

−1

~y. (2.3)

Where I is the appropriate identity matrix. With this formula we can come

to the import content of the exports of the country. We use the obtained

Leontief inverse matrix to get an estimate of the percentage of import content

in the production. To do this, we need to define the vector ~z ∈ Rk of fractions

of imported goods to the output of the industry. The elements of ~z are defined

as fractions of uses of imported goods vj on the domestic output pj:
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~z = (z1, · · · , zk),

zj =
vj
pj
.

In order to obtain an estimate of the import content of exports, we (similarly

to the re-export estimate) have to use the strong assumption of independence

on use - in every given branch of the economy, there is no variation in the

input structure.6 Under this assumption we arrive to the percentual import

content of exports ~xp ∈ Rk by multiplying the vector of import shares ~z and

the Leontief inverse matrix:

~xp = ~z
I− A

−1

.

When having the percentage shares, computing the import content of ex-

ports by industry is very easy. Multiplying the exports of every specific industry

by the percentage share is all that needs to be done:

~xIC = ~z
I− A

−1

• ~yNX .

Having this done, the formula for indirect exports from the Czech Republic

to China through country X are calculated as follows (using the method of

import and export shares, similarly to the case of the re-exports evaluation):

εCN
CZ = πX

CZ • ~z
I− A

−1

• ~yNX • πCN
X .

Similarly as in the case of the re-exports adjustment, this formula can be

further enhanced by using the data on imports from the SIOT in order to

adjust for the discrepancy caused by imports being reported CIF and further

exploiting the fact that the exports are reported separately according to their

destinations into or outside of the EU. The import and export shares were

therefore appropriately adjusted in the computational part in order to reduce

the possible distortions in the calculation.

To conclude this chapter, the aggregate amount of estimated indirect exports

6Loshky & Ritter (2006) also mention the assumption that the goods imported to country
A were not produced from inputs originated in A. While this is important for the analysis in
the original paper, the analysis in this work focuses on providing a better picture of the links
between the Czech and Chinese economies. In this sense, the very existence of the “indirect”
flow is important, disregarding its true origin.
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ECN
CZ ∈ R can be obtained just as easily as in the case of re-exports by summing

all the elements of the vector εCN
CZ ∈ Rk:

ECN
CZ =

k∑
i=1

εCN
iCZ .

Where εCN
iCZ represents the singular elements of the vector of indirect ex-

ports.



Chapter 3

The Computable General

Equilibrium Model - Theoretical

Background

3.1 The Family of CGE Models

The CGE model belongs to the family of General Equilibrium (GE) models.

These models treat an economy as an enclosed and interrelated system, where

the goal is to determine values of relevant economic variables (such as rela-

tive prices or production), for which the economy will be stable as a whole.

This stands in contrast to partial equilibrium models, which usually focus on

a particular market and disregard the influence on other parts of the econ-

omy (Mas-Colell et al. 1995, p.511). These of course do not take into account

the possible repercussions where the changes on the observed market influence

other parts of the economy resulting in new changes in the observed market.

This can be dealt with by studying small markets only (as the classical tea

market example of the Cambridge economist Alfred Marshall (Holman 2005,

p.215)) or by studying the economy in its entirety (i.e. using the GE approach).

The CGE model is a useful tool for forecasting policy decisions. The first

version of this model was developed by Norwegian economist Leif Johansen

in 1960 in order to study the growth of the Norwegian economy in Johansen

(1960). A good introduction to the logic of his model can be found in Bjerkholt

(2009). Its name comes from times when the computational aspect of complex

modeling was a troublesome issue (Organization et al. 2012, p.182). However
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this is not such a severe issue anymore, the name remained partly because of

tradition, partly in order to distinguish it from other members of the family of

GE models (such as the DSGE model). The underlying structure of the data

used for a standard CGE model is based on the gist of Leontief’s input-output

analysis. The data used in the model is put together in the framework of the

so called Social Accounting Matrix (SAM), which attempts to capture the flows

relevant for the economy in one comprehensive table, specifying the payers and

recipients in every transaction relevant for the model. The IO tables for the

use of commodities in the studied economy are thus subsets of the SAM, which

itself provides a wider and more complex picture of the economy. The main

idea is to specify a circular flow model for the studied economy and then group

all the relevant flows in a concise manner. An introduction to this approach

can be found in Pyatt (1988), Pyatt & Round (1985) provides a more compre-

hensive description of the topic of SAMs.

In addition to this Leotief based approach, the CGE model provides an optimiza-

tion framework. Given the structure of the data and the model, the solution

to the model can be described as a solution to a set of simultaneous equations,

the number of which depends on the desired complexity of the model. Because

of the demanding nature of this task (especially in the times of Leif Johansen),

numerical methods were used to reach approximate solutions for the model,

which led to them being described as “computable”.

Regarding the concrete specification of the CGE model, the body of research

using CGE models can be split to two basic groups according to (Organization

et al. 2012, p.187): the neoclassical and the structuralist versions. The neo-

classical CGEs are based on many of the basic assumptions of the neoclassical

economic models, assuming zero unemployment, perfect competition, etc. The

models from the structuralist branch are designed to adjust better for the ob-

servable market imperfections, perhaps offering a more trustworthy depiction of

the studied economy. A comparison of two specific instances of the two models

in action can be found in Gibson & van Seventer (1999) and shows a caveat in

choice of the model. It compares two kinds of models with different treatment

of market imperfections on the same data (identical SAM). It warns that the

model maker must proceed with care in order to pick the correct variables to

take into account and to apply the correct methodology, especially with respect

to market imperfections. This is no new thing in the discourse concerning the

CGE models. Since the early models, there were quite clear differences between

models employed for different kids economies. While the models of more devel-
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oped economies were clearly conceptually closer to the neoclassical paradigm,

the models of the developing economies had considerably more structuralist

features (Robinson 1991, p.1509). With this in mind, a model based on the

framework provided by the Global Trade Analysis Project (GTAP) shall be

used. This model, as shown further, is based on a neoclassical set of account-

ing equations allowing for constraints to be non-binding thanks to slackness

variables available in the equations (initially set to zero).

3.2 The GTAP Model

The GTAP is a CGE trade model of the global economy (accompanied by a com-

prehensive database) constantly developed for more than two decades, now. As

recounted by Powell et al. (2007), it was gradually built up around the per-

son of Dr. Tom Hertel, inspired by the success of Australian GE models like

ORANI (used e.g. in Cronin (1985)) or MONASH (described in Meagher et al.

(1996)) in attempt to uplift the overall quality of contemporary GE modeling.

The idea was to joint researchers from all over the world to cooperate - this

is necessary when attempting to put together data from all over the world on

a reasonable level of aggregation, so they can be all readily aggregated, com-

pared and processed by the same system of equations. A thorough description

of the model was provided by Hertel & Hertel (1997) in 1997, the model has

undergone changes since then, some more substantial ones would be changes

in the household demand system or the equivalent variation as described by

McDougall (2002). Itakura & Hertel (2001) put together the changes in the

GTAP model source code since publishing the GTAP specification in 1997. Be-

cause of the complexity of the model specification, the rest of this subsection

will provide but a brief overview, describing the basic contours as outlined in

Chapter 2 of Hertel & Hertel (1997) (taking in account the later changes), the

description of the model in its entirety, including its source code, can be found

at the webpage of the project.1

3.2.1 Structure of the model

The GTAP model simulates the world economy as a closed system subdivided

into n regions with k commodities. The upper bound, as allowed by the cur-

rent newest database GTAP 9, is 140 regions and 57 sectors. Building on this

1https://www.gtap.agecon.purdue.edu/
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subdivision, the GTAP model is solved for n regional economies and two global

sectors. The global sectors are the transportation sector and the global banking

sector, the latter allowing for cross country investment and savings. All the

regional sectors follow the same simple logic described in Figure 3.1, which is

based on the graphical description in (Hertel & Hertel 1997, p.17). It represents

the region (including connections to the global economy) as a simple circular

flow model, where the flows are named after the actual GTAP variable names.

Their names are quite descriptive after deciphering their shortcut representa-

tions. Before continuing with the description of the singular variables involved

in the model of the regional household, a point must be made for the sake of

clarity concerning reports on prices: the model distinguishes agents’ prices and

market prices. The former are the prices the agents actually pay when buying a

commodity, they include taxes and other payments, such as costs of transport.

The latter prices, on the other hand, represent the price free of taxes, they are

the “true” market price, in the terminology of the GTAP model. It is somewhat

simplified, as taxes are disregarded (those would represent three new sources

of revenue for the regional household in a closed economy). A comprehensive

graphical representation of the GTAP model for both the case of the closed

and the case of the open economy was made by Brockmeier (2001).

On the top of the model, as can be seen in Figure 3.1, there is the regional

household. It is effectively the single utility maximizer in the region (the utili-

ties of other segments are also calculated but they form only a proportional part

of the regional household’s utility function). It has expenditures in the form of

private expenditures (PRIVEXP), government expenditures (GOVEXP) and

savings (SAVE ). In this simplified setup, the regional household has effectively

only one source of revenue, which is revenue from selling regional endowments

(Value of Output evaluated at Agents’ prices - VOA), actual revenue from all

the other activities is distributed among the other agents in the system of the

regional accounting. There are two agents who consume final output - the

private household and the government. Their cash outlays can be summed up

as private and government expenditures respectively (PRIVEXP and GOV-

EXP). Both of them can chose whether they buy from the domestic producers

(Value of Domestic purchases by Private households evaluated at Agents’ prices

- VDPA and Value of Domestic purchases by Government evaluated at Agents’

prices - VDGA) or buy products imported from the rest of the world (Value of

Imported purchases by Private households evaluated at Agents’ prices - VIPA

and Value of Imported purchases by Government evaluated at Agents’ prices -
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Figure 3.1: One region as connected to the world
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VIGA). The last domestic agent is the producer. The producer earns revenue

on sales of final output to domestic agents (VIPA, VIGA) and from exporting

their output (VXMD - Value of eXports evaluated at Market prices by Desti-

nation), notice that VXMD is the only variable in the circular flow depiction,

which is reported free of tax - e.g. at market prices. This helps with the anal-

ysis of the effect of export taxes/subsidies, which have to be added to VXMD

in order to get exports reported at word prices (in other worlds, their FOB

values). The producers are also recipients of investments, which are denoted

REGINV (or NETINV in later literature), the investments are received from

the global banking sector, implying the international nature of investments.

Lastly, the firms gain from sales of intermediate products (VDFA - Value of

Domestic purchases by Firms evaluated at Agents’ prices). The producers pay

for production factors, namely for endowed commodities of their region (VOA

(endw.)), for domestic intermediate production (VDFA) and for imported inter-

mediate products (Value of Imported purchases by Firms evaluated at Agents’

prices - VIFA). In here, imports are evaluated at agents’ prices, that means the

world prices (which are reported CIF in the case of imports) plus any import

restrictions or subsidies imposed by the regional government.

This concludes the (somewhat simplified) structure of a regional open economy.

As mentioned before, there are two international sectors to be addressed. One

of them already explicitly appeared in the linkages in the regional economy -

that was the global banking sector. The global transportation sector appears

only implicitly in the prices of imports, which include the cost of freight. The

global banking sector can be viewed as devising an investment portfolio, which

gathers the firms on the regional level, it invests money into their activities.

Then it sells this portfolio to the regional households, which have a demand

for savings. Because of this international banking system, the price of savings

is equal across regions. The transportation sector is the provider of transport

services in all international transactions including commodities. As noted by

Itakura & Hertel (2001), it was later subdivided into three means of transport:

naval transport, aviatic transport and land transport. It also provides insur-

ance services, so the money it receives is equal to the difference between the

import prices (reported CIF) and export prices (reported FOB). The supply

of the transport itself is created by the regional economies, which export its

services, so the costs of these do not just “disappear”.

Following the outline of the links between agents in the GTAP global economy

model, a set of accounting equations was created to transform the logical re-
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lationships into a quantifiable form. It is worth mentioning as a notable trait

of the model, that a zero profit condition applies to the firms, this is necessary

in order to employ certain microeconomic rules in order to find a solution to

the model. Specifically, the Walras’ law, which forms one of the principal rules

in general equilibrium theory (details can be found in the work of Patinkin

(1989)), can be applied to make sure the banking sector will be in balance even

though the global savings and global investment are not set equal by default. In

the GTAP model, given the firm zero-profit rule holds, all households’ consump-

tion lies on their budget constraint and all other markets are in equilibrium,

the investments and savings must be also equal on the global scale, as stated

by (Hertel & Hertel 1997, p.15).

The accounting relationships of the model as outlined above are enough to

specify the model as a general equilibrium. What remains to be specified are

the preferences and the production process in the model. After addressing some

of the key points in this area, the question the model’s computability will be

discussed. Indeed the foundation of the solution method traces back to the

original solution method used by Leif Johansen, baring its advantages as well

as some of its downsides (substantially mitigated by employment of enhanced

solution algorithms).

3.2.2 Behavioural Equations

First, every model of international trade has to deal with demand for imported

goods and if and how they can be substituted for the domestically produced

commodities. Is an imported commodity a perfect substitute for its domestic

counterpart? There are some reasons, on contrary, to treat a commodity from a

different country as a different product. Commodities from different countries

classified by the same code in international statistics can actually vary because

of different technical standards, for example. Based on this negation of per-

fect substitution for foreign goods, Armington (1969) has developed a theory

of demand for goods which can be distinguished by their country of origin.

Given this we can evaluate the elasticity of substitution between corresponding

goods from different countries. The functional specification proposed by Arm-

ington, popular as it was, was challenged by empirical research, for example

by Alston et al. (1990). The creators of the GTAP model have adopted this

approach, aware of the theoretical critique. The main motivation are practical

issues, which would accompany using a more fitting functional specification.
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Simplifying restriction have to come in place, when there is not enough data to

calibrate the model properly. The Armington approach is thus reflected in the

GTAP model’s production, which is caused rather by necessity, then by desire.

Proceeding to the general scheme of the production process, Figure 3.2 (based

on the graphical depiction in (Hertel & Hertel 1997, p. 39)) describes it in a

comprehensive tree structure.

Figure 3.2: Output production in the GTAP model

As can be seen, the combination of imported inputs used is determined

based on a Constant Elasticity of Substitution (CES) function. CES functions

also determine the combinations of domestic/imported inputs and primary fac-

tors used in the production process. The combination of intermediate inputs

and value added inputs from primary factors is fixed (as the Leontief function

combines goods/inputs as perfect complements), however. The model of pro-

duction is separated to the primary and intermediate factor branches, because

the choice of the optimal combination of intermediate factors should be inde-

pendent from the choice of primary factors and vice versa. The selection of

the intermediate inputs is a two-stage process in accord with the Armington

approach. The producers first decide about the ideal combination of imported

intermediate goods. Having done so, they decide about the ideal combination

of imported and domestically produced products.

Having determined the basic structure of production in the model, it remains

to specify the utility maximization process. As said previously, the region has

one utility maximizer - the regional household. The utility maximization pro-
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cess of the regional household was one of the parts of the GTAP model which

have been significantly changed since the first version. The utility of the re-

gional household was set as a Cobb-Douglas aggregate utility function which

was put together from per capita utility from private consumption, utility from

government consumption and real savings. Because of the Cobb-Douglas speci-

fication, the regional household was supposed to allocate fixed shares of income

to the three sectors. As McDougall (2002) has explained, this was troublesome

in combination with a non-homotetic private expenditure function, which led to

an error in the theoretical specification of the aggregate utility function of the

regional household. The regional household continues to have a Cobb-Douglas

utility function. The demands are given by the constant difference elasticity

(CDE ) system, which calculates its implicit utility functions specified as

1 =
∑
i

BiU
ΥiRi

Pi

X

Υi

.

Where U is utility, X denotes expenditures, Pi the price of commodity i and Bi,

Ri, and Υi, are parameters which allow closer specification. The new version

also has a revised budget constraint, defined not by fixed prices, as in the old

form, which stated PPUP + PGUG + PSUS = X, where PP , PG and PS are

constant prices, the Us their corresponding utilities and X denotes per capita

income, but rather expenditure functions in the following form:

E(PP, UP ) + E(PG, UG) + PSUS = X.

Where E(.) denotes expenditure functions for given utility levels and price

vectors. The new utility equation is then derived:

u = Φ−1(ΦPSPuP + SG(qG − n) + SS(qS − n)).

Where Si denote corresponding budget shares, qi denote corresponding quati-

ties and n denotes population, both in percentage change form. Finally ΦP

denotes elasticity of expenditure on private demand with respect to its quantity

and Φ denotes elasticity of expenditure with respect to utility. A rather tech-

nical step by step derivation of this utility function can be found in McDougall

(2002).
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3.2.3 Methods of Solution

Finally it is worth explaining what makes the GTAP CGE model computable.

The behavioural equations used in the model are solved in their linearized

forms, in other words, in percentage changes of the model’s variables. The

method of linearization was described e.g. by Hertel et al. (1992). An equation

is linearized in two steps. First, it is totally differentiated. Second, each part

of the equation is expanded by the fraction of the differentiated part over itself

(dX = dX ∗ [X/X]). Then, the following trait is exploited:

dV

V
=
d(PQ)

PQ
= p+ q

Vhere p and q denote percentage changes. This property is used for changes in

value, but the same method can be applied to any other relevant equation. Tak-

ing the example from (Hertel & Hertel 1997, p.32), the GTAP market clearing

condition for goods, that are tradeable, having the original form,

QO(i, r) = QDS(i, r) +QST (i, r) +
∑

s∈REG

QXS(i, r, s),

can be linearized as follows,

QO(i, r)qo(i, r) = QDS(i, r)qds(i, r) +QST (i, r)qst(i, r) + · · ·

· · ·+
∑

s∈REG

QXS(i, r, s)qxs(i, r, s).

The variables in minuscules denote percentage changes. For clarity, QO(i,r)

denotes quantity of non-saving commodity i in region r, QDS(i,j,r) is the quan-

tity of sluggish endowment i supplied to entrepreneurs in industry j, region r,

QST(i,r) means quantity of sales of marginal commodity i to the international

transport sector in region r and QXS(i,r,s) determines the quantity of exports

of commodity i from region r to region s.

After having linearized the equations, we attempt to use this specification to

solve the model. The simplest and most straightforward approach (as well as

the one having the most significant issues with inaccuracy) is the so called

Johansen approach (after Leif Johansen, whose work was discussed at the be-

ginning of this chapter). As can be seen from a simplified two dimensional

representation of a linearized model g(X, Y ) in Figure 3.3 (based on the figure

in (Hertel & Hertel 1997, p.32)), the process is quite straightforward. Given
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Figure 3.3: Johansen and Euler solution methods
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we know the solution of the model in a given point X0, we simply pass from X0

to X1, moving along the tangent of the actual non-linear solution. That means

the y coordinate moves from the initial solution Y0 to the point YJ , which lies

on the tangent, not to the point Y1, which represents the actual solution. This

is a very simple and straightforward method, it has one significant downside,

however. Its results are clearly distorted. The magnitude of the error depends

on the functional specification and on the magnitude of the shock to the other

variable. Luckily, there were developed methods which can arrive to much more

precise results.

One improvement to the solution is using the so called Euler method. As

already stated in the previous paragraph, the magnitude of the distortion of

the result is dependent on the magnitude of the shock to the other variable.

The core of the more precise approach is diving the interval < X0, X1 > into

N ∈ N parts. Then, one by one, Johansen solutions are computed for the

dividing points in the interval. Figure 3.3 shows the Euler method with two

steps, taking a new direction halfway (according to the derivative of g(X, Y ) in

the given point). The final result shifted to the point YE, which is closer to the

true solution. This method allows modelers to compute very precise solutions

to the model because the Euler method solution is equal to the actual solution
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for N approaching infinity. This method is guaranteed to approach accurate

solutions. Its has a disadvantage, though. It does not approach the true results

very quickly, thus it is unnecessarily computationally challenging to use this

method when an even better one is at hand.

Better methods of solving the linearized model were actually found. One of

them, sometimes called the Gragg method was described by Pearson (1991)

based on the work of Gragg (1965). It is also based on the separation of the

interval < X0, X1 > but the intermediate solutions are based not directly on

the preceding one but the algorithm tracks two steps back in the process of

computing a new step towards the solution. The Gragg method solutions ap-

proach the true result even quicker than the Euler solutions. That provides a

more effective solution method. Especially with the computational power of

today’s computers, it is not a problem to obtain very precise results even with

a linearized model.

3.2.4 A Note on the Software Used to Solve the Model

The model used in this work was estimated by the GEMPACK 11.4 software

(standing for “General Equilibrium Modelling Package”). The GEMPACK

software was designed specifically in order to solve complex CGE models, for

the purpose of which a special coding language was developed in which the for-

mulae for the model can be directly written. It is accompanied by a package of

utility programs which allow to view and run the code (TABmate), a practical

windows interface (WinGEM) and other tools. An introduction to the program

can be found in Harrison & Pearson (1996).

The code for the GTAP model is provided in GEMPACK code. One of the ad-

vantages of using the GTAP model is the fact that the creators provide custom

made software for using the GTAP model. The simulations are run in GEM-

PACK on the background but they are activated through a more user friendy

interface. The simulations in this work were run in the GTAP program RunG-

TAP. The data were aggregated in the program GTAPAgg, which extracts the

data from the GTAP database and reaggregates them into a given number of

regions, sectors and factors, creating the SAM matrix and other necessary files

for running the simulations.



Chapter 4

Results of Indirect Flow Estimation

4.1 Coping with Statistical Discrepancies

Using the general methods described in Chapter 2, we still have to chose which

specific indirect flows to evaluate. While re-exports from the Czech Republic

to China can flow through any conceivable country, which has trade relation-

ships with both the Czech Republic and China, it is desirable to restrict the

analysis to flows large enough to make a difference. It is clear, that trade flows

through the EU should be considered, that can be seen from Figure 2.2 - a vast

majority of the Czech exports flows through the EU. In here, two possibilities

worth considering are at hand: we can either study the re-exports and indirect

exports through the EU as a whole or study the trade flows through selected

states.

There might be one good reason for the first option: taking the entire of bulk

of trade flowing through the EU would mean most of the indirect trade flows

ever conceivable would be covered. The argument of relevance stands against

this approach, however. Studying the indirect trade flows throughout the en-

tire EU does not appear plausible because of large distortions caused by taking

trade with irrelevant countries into considerations. Studying relatively small

trade flows with European member states like, say, Malta will not produce

results of great significance. When extending the circle of studied countries

above the necessary minimum, the explanatory power is lost on the way. If

European countries which trade in large volumes but are not significant trade

partners are taken into account, their export structures would be distorting

the picture of the probable indirect trade flows between the Czech Republic

and China. Moreover, when concentrating on the countries which have strong
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trade ties with the Czech Republic, one can illustrate the estimated proportion

of indirect trade flows through the given country. This would not be possible

when concentrating on a large block like the EU is. In accord with this line of

thought, it appears reasonable to study the largest Czech trade partners from

the EU. The very largest would be obviously Germany (see Figure 2.3). If we

arrange the other Czech trade partners from the EU according to trade flow

magnitude, we get the following figure (only the seven most relevant countries

were included).

Figure 4.1: The largest Czech trade partners by volume of Czech ex-
ports
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Czech major export partners in 2010

From the picture above, the strong dominance of Germany in Czech exports

is clearly visible. Therefore Germany will be the object of main focus in the

analysis of indirect trade flows.

4.2 Re-export Trade Flow Adjustment

Using the formula from Chapter 2, we arrive to a rough estimate of the re-

exports flowing through Germany. The calculations were for the trade data

from year 2012 (currently the last year, for which the Eurostat SIOTs for Ger-

many are available, trade data used for calculating the export shares in the
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corresponding year was taken from the Comext). Estimation of the volume

of re-exports provides good results with potential to explain the gaps in trade

statistics from 2012. The total estimated volume of Czech re-exports through

Germany to China is approximately 558 millions of Euro. This number is very

similar to the actual discrepancy measured in 2012, which is approximately

equal to 573 millions of Euro.1 It must be noted, that this result is probably

overstating the actual discrepancy to a certain extent, given this is (although

by far the greatest) certainly not the only flow of Czech re-exports to China.

More interesting information is provided by the re-export values for disaggre-

gated data. Figure 4.2 presents the results for 10 industries with the largest

volume of re-exports in 2012. The results are disaggregated to groups according

to the standard NACE Rev. 2), this is also the smallest possible level of disag-

gregation using this method because data in Eurostat SIOTs and use tables are

grouped by NACE Rev. 2 industries. The industries in the figure are described

by their CPA codes in order to keep the report concise. A table explaining the

CPA codes, as well as a table with complete results of the re-export estimation

for all industries can be found in Appendix A of this work.

Figure 4.2: Czech re-exports flowing to China through Germany in
2012
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1The data were taken from the UN Comtrade database. As the Comtrade database
reports volume of trade flows in USD, the discrepancy had to be recalculated using the
average EUR/USD exchange rate for 2012, extracted from Eurostat.
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The largest industries involved in the re-export flows are CPA C29 (Mo-

tor vehicles), CPA C28 (Machinery and equipment) and CPA C27 (Electrical

equipment). Put more generally, the largest discrepancy should be found in the

machinery industry forming a subset of the manufacturing sector, sometimes

called the secondary sector (Ive & Gruneberg 2000, p.6). This should not be

a surprising result. A large proportion of economic cooperation between the

Czech Republic and Germany is constituted by industries in these sectors.

4.3 Indirect Exports Estimation

When measuring the proportion of Czech products in German exports to China,

we arrive to a number about twice as large as the total sum of re-exports

estimated for the same period. The total estimate of Czech indirect exports to

China flowing through Germany is roughly 1038 million of Euro. This figure

itself is obviously not recorded in the trade statistics and does not contribute to

the observed discrepancies as described in Chapter 2. Its purpose is to reveal

indirect ways, in which the Czech and the Chinese economy influence each

other. With this result, more light can be shed on basic ceteris paribus effects

of shifts in volumes of trade between the concerned countries can be estimated.

Figure 4.3 shows the most significant results at the disaggregated level (once

again, using the NACE Rev. 2 nomenclature). A list of all results obtained

can be found in Appendix A of this work.

A brief glance at the figure shows that the structure of indirect Czech ex-

ports to China through Germany is quite similar to the structure of re-exports.

Once again, Motor vehicles (CPA 29) are by far the most significant industry

contributing to indirect exports through Germany. It forms about 50% of the

total volume of indirect exports. Other two very influential industries are Ma-

chinery and equipment (CPA C28) and Electrical equipment (CPA 27). Inter-

estingly, the list of 10 most significant industries includes the sector Sewerage;

waste collection, treatment and disposal activities; materials recovery; remedi-

ation activities and other waste management services. It is worth mentioning,

that with code CPA 38 (Waste collection, treatment and disposal services; ma-

terials recovery services) are the only commodity falling into the category E of

the NACE Rev. 2 nomenclature, that is exported from the Czech Republic to

Germany and from Germany to China, which is basically any kind of process-
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Figure 4.3: Indirect Czech exports flowing through the Germany to
China in 2012
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ing of various waste materials.2 That appears to be somewhat more plausible

than the broad category E of the NACE nomenclature, most of which is not

traded at all between the three studied countries.

4.4 Trade structure assessment

In conclusion, both re-export and indirect export estimation substantially in-

crease the volume of total trade flows between the Czech Republic and China.

This is an important finding for the purposes of analyzing the structure of the

Czech exports to China. The structure of Czech exports to China (as can be

found in the Eurostat Comext database) in 2012 can be found on Figure 4.4

(taking again the ten most exported commodities for the sake of clarity).

According to this figure, electrical equipment (CPA C28) should be the

commodity most exported into China. Motor vehicles (CPA C29), the com-

modity clearly dominating the indirect flows through Germany, are exported in

relatively high volumes, but they remain on the fifth place in the official trade

statistics. If we compare this result with the broader findings based on the

indirect trade flow analysis, we get a different picture about the structure of

2According to the Eurostat online encyclopedia at http://ec.europa.eu/eurostat/
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Figure 4.4: Czech direct exports to China in 2012
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trade between the Czech Republic and China. The sum of indirect exports, re-

exports and direct exports for the commodities is presented in Figure 4.5. The

indirect exports are denoted as “Content” in the figure for the sake of brevity.

This is consistent with the term “import content” in the work of Loshky &

Ritter (2006). The sum of direct and indirect trade flows will be referred to

as import participation. This name was chosen because at least part of the

indirect trade flows could not be considered to be “exports”, strictly speaking.

Counting in the indirect trade flows estimate simply reveals the actual volume

of Chinese imports on which the Czech economy participated.

As can be seen, motor vehicles (CPA C29) suddenly appear to be most

significant commodity from the viewpoint of Czech exports. The increase is

staggering. The values of import content form about 900% of the reported

exports, in fact. Electrical equipment (CPA C28) remains significant, being

the second most significant commodity. This shift should not be a big surprise.

On contrary, the results including indirect exports are quite logical. The shift

in the structure of exports could be explained by the functioning of the Czech

motor vehicle industry. It is, to a large extent, connected to large motor vehicle

producers which operate internationally. Thus, for example, parts produced in

the Czech Republic can be exported to Germany where they are used to build a

car in an assembly hall and further exported to China. This will obviously not
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Figure 4.5: Czech participation on Chinese imports in 2012
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appear in the official trade statistics. It is important, however, when evaluat-

ing the Chinese demand for foreign vehicles. From a partial equilibrium view,

the impact of a fall in Chinese demand for motor vehicles will be much more

pronounced in light of the findings of the indirect trade analysis.

It is an interesting question to observe how stable these results are over time.

The total volume of exports obviously varies based on the economic situation

in the Czech Republic and in the world in general. If the import participa-

tion remains relatively stable, however, the information gained can be used to

make better predictions of shifts of import demand in situations where there is

seemingly no link to the Czech economy. Thus we evaluate the results for years

2009 to 2012 (the 2008 tables are also organized in the NACE Rev. 2 classi-

fication, but the data on re-exports outside the EU are unfortunately missing

which means the results would be not directly comparable based on the chosen

methodology).

The Czech exports to China, as can be found in the Comext database, have

an increasing volume over the sample of estimated years. The structure of the

trade, however, remains rather similar. The most significant direct trade flows

in 2009, the most distant year evaluated in this work, are shown in Figure

4.6. One of the more clear differences is the lower significance of motor vehi-

cles (CPA C29) with respect to the total volume of exports. It is even more
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pronounced, motor vehicles were the sixth most exported commodity in 2009.

Figure 4.6: Czech direct exports to China in 2009
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The total participation of the Czech economy on the Chinese imports in

2009 appears to be somewhat more stable in this aspect. The overview of the

10 most influential industries can be seen on Figure 4.7.

Figure 4.7: Czech participation on Chinese imports in 2009
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The motor vehicles are once again revealed as one of the most significant

commodities from the viewpoint of Chinese imports. This time, they are on

the second position. Nevertheless, the results show once again a great increase

in significance, this time approximately 800%. That might imply that the

structure of exports including indirect trade flows could be more stable over

time (exploiting the stability of the relationships in the economy, as described

by IO tables, especially in the case of indirect exports). Because the remaining

years reveal similar patterns as discussed in the case of the two border years,

only aggregate results shall be discussed from now on.

To conclude this chapter, the aggregate indirect trade flow assessment variation

in time shall be discussed. When we put together all the indirect and direct

trade flows, the aggregate volume of Czech participation on Chinese increases

significantly (about twice in all the estimated years). The exports as such in

the examined periods are less than a half of the estimated trade flows. The

indirect exports (content) a somewhere above a third of the estimated flows

in the aggregated results. The exact percentages of the single components of

the estimated import participation in the trade flow structure can be found

in Table 4.1 (including the percentage increase, where the fifth column of the

table shows the fraction of the volume of estimated indirect flows over direct

exports expressed as a percentage).

Table 4.1: Czech import participation over time

Year Exports Re-exports Content Percentage increase

2009 45.5 % 20.1 % 34.4 % 219.8 %
2010 43.3 % 18.7 % 38.0 % 231.0 %
2011 43.0 % 20.3 % 36.7 % 232.8 %
2012 44.8 % 19.3 % 35.9 % 223.0 %

The changes in the shares during the four observed years remain to be

rather small and the change in structure rather small. The structure holds,

even though there was a rather clear shift in the total volume of trade, as

can bee seen in Figure 4.8, where the change in total volumes, as well as the

distribution between the different kinds of trade flows, can be observed.

To conclude, the volume of trade flows between the Czech Republic and

China (and following this how much the two economies are directly connected)

is significantly higher than could be expected by simply comparing the data

on export. According to the rough estimate used in this work, the volume of
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Figure 4.8: Czech aggregated trade flow estimates for years 2009 to
2012
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all trade flows between the Czech Republic and China might be about twice as

high. Even more interestingly, when observing the results on the disaggregated

level, the structure of Czech exports does not quite match the structure of total

trade flows between the Czech Republic and China. The significance of motor

vehicles rises considerably, making them one of the most important commodi-

ties to consider when discussing the influence of the Chinese import demand

on Czech exports. Narrowing the analysis down to this method, however, is

not enough when assessing then interrelatedness of the Czech and the Chinese

economy. Taking into consideration, how large the Chinese economy is, any

shift in import demand (or any significant shock in the Chinese economy) will

surely influence also the rest of the world in a significant manner, causing ad-

ditional rebound effects on the Czech economy. Therefore it is necessary to

apply a general equilibrium model in order to asses this influence properly.



Chapter 5

Application of the GTAP Model

As described in Chapter 3, the GTAP model provides a complex framework

for modelling changes in an interconnected global economy. Using the fully

disaggregated version of the GTAP model, however, means dealing with an

overwhelming number of regions and commodities, which would be quite im-

practical and certainly would distract from the purpose of analyzing the Chinese

influence on the Czech economy. Therefore choosing a reasonable aggregation

is in place. The regional aggregation and the sectoral aggregation of the model

will be discussed first, after this the discussion of the simulated shocks and the

results of the model will follow.

5.1 Regional Aggregation

When choosing an aggregation of the 140 regions distinguished in the GTAP

database, the main task is to find a balance between comprehension and reduc-

tion of distortion. Indeed, aggregating regions all over the world can produce

issues concerning distortion of the results. Every aggregated region is one single

utility maximizing agent in the framework of the the model. If the model of the

single agent is added up from very diverse economies all over the world, whose

structures of trade, economic specializations and other traits differ largely, their

specifics will obviously disappear in the aggregated version of the model. This

should not be that problematic if the economy is either small on the global

scale or if its share of trade with China and the Czech Republic is relatively

small. On the other hand, the number of regions should not be too high for

the sake of clarity of the results of the model.

Keeping in mind the tradeoff described above, we proceed to the chosen re-
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gional structure of the model. The first two obvious choices are the Czech

Republic and China as separate regions. The PRC is considered a single re-

gion in the model framework even though the close connections to Hong Kong

and Taiwan for the reason that shocks resulting from policy decisions of the

regions’ respective governments will directly influence only the original region,

influencing the other indirectly through shifts in international trade and in-

vestment. Furthermore, an aggregation of the rest of the EU (excluding the

Czech Republic) and an aggregation of Hong Kong an Taiwan are included as

independent regions. The reason for adding both of them was their importance

in the structure of Czech and Chinese exports respectively. The high share of

Czech exports to the rest of the EU was already shown in Chapter 2 of this

work. Moreover, the EU forms a very coherent economic unit (trade wise) be-

cause of the abolition of internal tariffs and unification of external tariffs as

well as abolition of other trade barriers following Article 30 of the Treaty on

the Functioning of the European Union. Concerning the relationship of China

and Hong Kong, Hong Kong was the second largest export destination of the

PRC.1 Taiwan is added to Hong Kong as another region closely economically

tied to the PRC. Following this logic, the USA also have to be included because

they are the largest PRC’s trade partner in terms of exported Chinese goods.

Together with the USA, other North American countries shall be included into

one aggregated region because of their political, geographical and economic

ties. In light of observing the Chinese import structure, countries from south-

east Asia like Japan or South Korea are especially significant, they shall be

aggregated together with other Asian countries, the influence of which is not

that high (and therefore should not much distortion to the model.

Concerning the remaining parts of the world, South America, Africa, Australia

and Oceania, their percentage shares on trade with China are rather low (bel-

low 5%). The same holds for the remaining parts of Europe (namely Russia,

having about a 2% share). They shall be aggregated into two regions, with

Africa and the Middle East forming a single region and summing the remain-

der into a one region, called “Rest of the World”. Indeed, when comparing

the different instances of regional aggregation on the same shocks, the aggre-

gated and the disaggregated instances of the “Rest of the World” region do

not contribute largely to changes in the resulting changes in the key variables.

1Based on the data from the UN COMTRADE database. A good visualiza-
tion and overview of the data from the COMTRADE database is available at:
http://atlas.media.mit.edu/.
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The changes resulting from the inclusion (exclusion) of the single Hong Kong

region are also relatively small (about a hundredth of a percentage point, in

general). Nevertheless, the Hong Kong region is kept in the model for the sake

of being able to be able to track trade flows going through Hong Kong. These

are, as said before, quite a substantial fraction of the PRC’s trade with the

world. Moreover, the slightly more disaggregated version of the model can be

expected to be somewhat more reliable in terms of the results, although the

differences are not tremendously substantial for the purposes of the analysis.

5.2 Sectoral Aggregation

The GTAPAgg software provides a default aggregation reducing the number of

sectors from 57 to 10 relatively logically distributed sector aggregations. For the

purposes of this analysis, the sectoral aggregation is based on this aggregation

with two minor changes, which were made with respect to the findings about the

Czech export structure. As shown above, the three Czech commodities which

participate most on the content of Chinese imports are CPA C29, CPA C28 and

CPA C27. In result, emphasis shall be put on these three commodities. Here, it

is worth mentioning that there is a slight issue with overlapping subset within

the different classifications. The European industry standard NACE Rev. 2

(and CPA 2008 for commodities) are rather well linked to the UN standard ISIC

4 (at least at the most aggregated level). Unfortunately, the GTAP model uses

its own classification, which is defined with respect to the older UN classification

ISIC 3.1. The change from ISIC 4 to ISIC 3.1 meant a rather detailed change in

classification, which tracks deep bellow to levels of disaggregation, which cannot

be accounted for on the level of aggregation provided by the European IO tables.

Therefore, there can only be found CPA commodities with a high degree of

overlap when compared to the GTAP database. This kind of comparison is not

quite accurate and there can be certainly found instances of goods, which fall

into the stressed group according to the CPA classification, but not according

to the GTAP data base.

Keeping this in mind, the group of Motor vehicle commodities (CPA C29) can

be closely linked to sector 39 in the GTAP database - Motor vehicles and parts.

Furthermore, the groups CPA C28 and CPA C27 can be together accounted for

sector 41 in the GTAP database - Machinery and equipment. These two sectors

are going to be particularly interesting to asses in face of shocks induced in the

model, as they are the two (three) largest industries in terms of contribution
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to Chinese imports and thus the most vulnerable in reaction to falls in Chinese

demand for imports or general changes in trade policy based on the findings

of the indirect trade flow analysis. Therefore they were added to the model

aggregation. The remainder of the sectoral aggregation was left intact. Thus

the model used for the purposes of this work consists of 8 regions and 12 sectors

in total. The regional aggregation is described in Table 5.1 and the sectoral

aggregation is shown in Table 5.2. The program used for the aggregation was

GTAPAgg7.1. That is not the newest GTAP database available. This problem

is mitigated by the fact that the key relations described by IO tables tend to

be relatively stable (Rezková & Semerák 2012, p.39).

Table 5.1: Regional aggregation of the used model

No. Region

1 China
2 Hong Kong and Taiwan
3 Rest of Asia
4 North America
5 Czech Republic
6 Rest of the EU
7 Africa and the Middle East
8 Rest of the World

Table 5.2: Sectoral aggregation of the used model

No. Sector GTAP Codes

1 Grains and Crops pdr wht gro v f osd c b pfb
ocr pcr

2 Livestock and Meat Products ctl oap rmk wol cmt omt
3 Mining and Extraction frs fsh coa oil gas omn
4 Processed Food vol mil sgr ofd b t
5 Textiles and Clothing tex wap
6 Light Manufacturing lea lum ppp fmp otn omf
7 Motor Vehicles mvh
8 Machinery and Equipment ome
9 Heavy Manufacturing p c crp nmm i s nfm ele
10 Utilities and Construction ely gdt wtr cns
11 Transport and Communications trd otp wtp atp cmn
12 Other Services ofi isr obs ros osg dwe
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5.3 The Simulated Scenarios

In order to assess the economic connection of the Czech and the Chinese econ-

omy, there can be distinguished influence caused by changes in the Chinese

economy as such, without a specific connection to the Czech Republic, as well

as changes in the international economic relationships - a trade liberalization or

a shift in the values of tariffs could be a good example. A set of scenarios was

simulated using the Gragg 7-9-11 steps extrapolation method. This method

ensures a high level of precision in all the simulated scenarios, their accuracy

almost always exceeds 5 decimal places (which is much more than necessary,

larger issues could stem from the choice of aggregation) and they get good re-

sults in overall accuracy according to the calculated Chernoff statistics. Before

proceeding to the concrete simulated scenarios, it is in place to point out, that

the used model is only capable to asses reaction to changes in fundamentals.

Having evidence about how economic agents can show changes in behaviour

based on shifts in their risk aversion (or more generally, risk appetite), as de-

scribed e.g. by Kumar & Persaud (2002) in the case of contagion, some of the

shocks could be more pronounced in reality, not for their own sake but rather

because of an overreaction of the markets. With this caveat, the following

scenarios were simulated in respective order:

� a shock to the Chinese production function,

� an increase in the Chinese private consumption and

� changes in the European-Chinese trade policies.

A general overview of the results of the simulated shocks is presented in

Appendix B of this work. It is worth reminding, that with an increase of direct

exports on the aggregate level, the increase of estimated import participation

can be expected to be about double because of the linearity of the projection

used to estimated combined with the relative stability of the IO tables.

5.3.1 Technology Shock

To evaluate the sheer effect of a sudden change in the Chinese economy, an

exogenous shock to the Chinese technology shall be simulated first. A tech-

nology shock, abstract as it is, can represent a sudden scientific breakthrough

(when being positive) or a sudden catastrophe, such as a large factory being

destroyed (when being negative). The purpose is to sustain a certain level of
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generality and simultaneously show the interrelations between the Czech and

the Chinese economy, when simulated in a GE framework.

Simulating a 1 percent reduction in the Chinese production function does not

result in an extraordinary reaction, the Chinese economy falls about 3.75 per-

cent, which would of course be a significant drop from the perspective of the

Chinese steadily high growth rates (which moved about 6.7 % in the last few

years according to the National Bureau of Statistics of China2). When simu-

lating a decrease in the technology function of China, all the other countries

gained a certain amount of income. This is not a surprising result, as a fall

in Chinese production would logically lead other countries to take over the

missing share of world production. This can be seen also in the fall of the

Chinese trade balance in the model framework. There would be a rather small

estimated fundamental impact on the Czech economy, however. The result-

ing change would be an increase of income of about 0.18 %. When looking

at the exports of the commodities of interest from the Czech perspective, an

unspecified 1 % technology shock in the model would lead to a drop of Chinese

aggregate imports of about 0.15 % in the area of motor vehicles and a drop

of 0.31 % in the sector of machinery and equipment. These sectors belong

to the least influenced by the modeled shock and the modeled reduction is in

no way disasterous for the Czech exports. The overall Czech export sales of

the given commodities register only an insignificant decrease in the exports of

motor vehicles and even a small increase of machinery and equipment exports,

that means that the reduction of the Chinese import demand (which can be

seen in Table B.3 in Appendix B) would be outweighed by exports to other

areas.

The effects of a technology shock grow rather rapidly when the percentage

technology reduction is increased. A 2 % decrease in the Chinese technology

function would lead to a 7.54 % reduction in the Chinese income and a 0.36

% increase in the Czech income. There would be also a 0.45 % reduction in

Chinese aggregate imports of motor vehicles and a 0.76 % reduction of the

Chinese imports of machinery and equipment. Once again, this fall in Chi-

nese demand for imports of the crucial commodities would be offset by the

increase of Czech exports (also indirectly through the EU) to other regions.

Further simulations of even more disasterous technology shocks quickly esca-

late to ridiculously catastrophic scenarios and therefore were not included. The

effects of a technology shock grow rather rapidly when the percentage technol-

2Results available at http://www.tradingeconomics.com/china/gdp-growth-annual
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ogy reduction is increased. A 2 % decrease in the Chinese technology function

would lead to a 7.54 % reduction in the Chinese income and a 0.36 % increase in

the Czech income. There would be also a 0.45 % reduction in Chinese aggregate

imports of motor vehicles and a 0.76 % reduction of the Chinese imports of ma-

chinery and equipment. Once again, this fall in Chinese demand for imports of

the crucial commodities would be offset by the increase of Czech exports (also

indirectly through the EU) to other regions. Further simulations of even more

disasterous technology shocks quickly escalate to ridiculously catastrophic sce-

narios and therefore were not included.

Concerning a sudden increase in the Chinese technology efficiency, a simulated

1 % positive technology shock would lead to a 3.7 % increase in the Chinese

income and a 0.17 % decrease in the Czech income. There would be a slight

increase of Chinese imports of motor vehicles and technology and equipment,

more or less offset by the decrease of import demand of other regions. To con-

clude, even relatively large internal changes in the Chinese economy should not

largely effect the Czech Republic through changes in fundamentals, that holds

also for trade, where an offsetting effect of other regions reduces the influence

of swings in the Chinese economy.

5.3.2 Increase in Private Household Consumption

Another interesting question to ask is the issue of low Chinese private house-

hold consumption share to the Chinese GDP and the efforts to raise this share.

There is an ongoing discussion about the Chinese efforts to increase the share

of private consumption on GDP, some instances can be found in the debate

of Bai et al. (2009). Even though there are works like Zhang & Zhu (2013),

which claim that the low private consumption to GDP share results are a result

of underestimation of the data, the current level remains regarded as worth in-

creasing, be the truth one way or the other. The Chinese private consumption

to GDP ratio has fell at the beginning of the new century, from the approximate

level of 45 % to the current level of 35 %, which it holds steadily since 2005

after the sharp drop.3 Based on the efforts to increase this ratio, another inter-

esting scenario is the world’s reaction to an actual increase of Chinese private

consumption. The following simulation tracks the estimated reaction to a 10

% increase of private household consumption in China. That would represent

3Based on the data from the World Bank database, accessible at
http://data.worldbank.org/.
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China shifting back from today’s low private consumption to the beginning of

the century, slowly shifting from an export-based economy to a more standard

format of a developed economy. The expectable result is rather positive. With

growing private consumption, the demand for imports should also rise, which

would be beneficial for exporters around the world.

Setting a 10 % increase of the share of private consumption in the GTAP model

leads to negligible welfare distribution changes in the world economy simula-

tion. The Chinese national income registers an increase of about 0.85 %, while

the remaining regions fall by an even smaller margin. The higher household

consumption in China results in a fall in the Chinese trade balance, increas-

ing its aggregate imports. It it worth mentioning though, that an increase in

private consumption leads especially to higher imports of food products (ap-

proaching an almost 5 % increase in grains and crops, meat products and other

food products). The Chinese imports of motor vehicles increase as well, but it

is much less significant, about a 1.73 % increase in the imports of motor vehicles

and a 1.13 % increase of imports of machinery and equipment. These results

are not surprising. A boost in domestic private consumption means a surge in

demand for directly consumable goods, domestically produced as well as im-

ported, while the other sectors are either subject to more long term planning

and do not shift that much in reaction to changes in aggregate consumption

(such as buying a car) or can gain indirectly, through better thriving domestic

producers.

The Czech Republic as such would register a slight increase in exports of ma-

chinery and equipment, while the exports of motor vehicles would be offset

by reduction in demand of other countries. In conclusion, the Chinese trade

balance would reduce, increasing the demand for imported goods. There can

be observed an increase in imports of goods of interest for the Czech economy,

however this effect is rather small compared to the increase in the Chinese

imports of food products. In general, even a relatively sharp increase in the

Chinese private household consumption should not bring any negative results.

The effect on the Czech welfare would be rather negligible and if some occurs,

than it should be slightly positive.

5.3.3 Changes in Trade Policy

Finally, changes in the European-Chinese (and thus also Czech-Chinese) trade

relations will be modeled. Currently, a comprehensive trade agreement between
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the EU and China is not the question of the nearest future: the European Com-

mission issued an update to the relations with China in its joint communication

to the European Parliament and to the Council on 22. June 2016,4 which sets

reaching an investment agreement as the priority for the time, raising some

concerns about issues with Chinese over-capacity in some fields (mentioning

the steel industry in particular). These issues are currently addressed by the

anti-dumping measures of the EU in the specific sectors concerned.5 The vol-

ume of goods sanctioned by the anti-dumping measures is not tremendously

high, however. At the end of 2015, the total volume of merchandise covered

by anti-dumping measures was about 1.38 % of the total imports from China.6

From this viewpoint, even the current issues concerning the uncertainty about

the Chinese Market Economy Status (MES) following the expiration of the rule

in Section 15, paragraph a) of the Chinese accession protocol7 based on the

fact that 15 years since the Chinese accession to the WTO have just elapsed

(following Section 15, paragraph d) of the accession protocol). The MES would

essentially mean that the determination of a cost of import as ”dumping price”

should be based solely on the comparative prices within the exporting economy

itself.

Based on the current situation, modeling possible Free Trade Agreement (FTA)s

is not the question of the nearest future. The situation concerning the Chi-

nese market economy status is currently happening, as China filed a complaint

against the price comparison methodologies used by the US and the EU on 12.

December 2016.8 although the impact might not be that devastating, follow-

ing the low share of goods covered by protective measures. In order to assess

the possible risks and changes following the possible changes in tariff policies

against China, a “worst case scenario” situation is modeled as a benchmark:

the EU (i.e. including the Czech Republic) removing all the import taxes on

the Chinese merchandise. Such a situation is of course not a realistic scenario,

it shows about the largest possible impact of a tariff reduction. It should lead

to an effect of trade creation between the EU and China linked to an increase in

4Document Elements for a new EU strategy on China, JOIN(2016) 30 final.
5All the decisions concerning anti-dumping measures are published in the EU Official Jour-

nal. A comprehensive and up-to-date summary can be found at http://trade.ec.europa.eu/.
6As calculated by the European Commission, result provided in the statement to anti-

dumping methodology Change in the methodology for anti-dumping investigations concerning
China from 3.2.2016 (to be found at European Commission’s page dedicated to international
trade - http://trade.ec.europa.eu/).

7Document WT/L/432 from 23. November 2001.
8Details in WTO documents WT/DS515/1 and WT/DS516/1.
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Chinese welfare because the cost of Chinese imports in the EU suddenly drops

(term first used by Viner (2014) in 1950).

A unilateral abolition of all trade barriers on the side of the EU would lead to

an increase in the Chinese trade balance, which would be almost completely

absorbed by the EU and the Czech Republic. The welfare effects would lead to

an increase in the Chinese income (about 1.38 %) while the EU and the Czech

Republic and the EU would register a minor decrease in income (0.31 % and

0.23 % respectively). When examining the changes to trade in concrete com-

modities, the Chinese aggregate imports increase even though its trade balance

increased, this can be attributed to the welfare changes in the Chinese economy.

In particular, the imports of motor vehicles and machinery and equipment in-

crease about 1.80 % and 1.96 % respectively. On the other hand, the Czech

exports of this commodity increase (about 0.3 % each) as well as the European

exports, allowing for an increase of indirect flows to China. Concerning the sec-

toral output of motor vehicles and machinery and equipment, a slight increase

can be expected - 0.25 % for motor vehicles and 0.21 % for machinery. Some

sectors would suffer from this change, the agricultural production of grains and

crops would suffer the worst, it would fall by about 2.90 %.

The worst case scenario picture brings up one point concerning the trade poli-

cies towards China. Given even sweeping changes to the trade policies, reducing

protective measures, should not be anyhow fatal to the Czech economy. How-

ever insubstantial the change may appear on the level of the economy as a

whole, the picture gets more interesting on the level of the singular industries.

The two largest Czech sectors involved in Chinese imports would end up to

be ”winners”, while there would be “losers” in the form of certain agricultural

sectors or textile producers.

This leads to the last modelled scenario. A bilateral tariff reduction between

the EU and China in the area of Motor Vehicles and Machinery. The Chinese

import tariffs on motor vehicles are generally high. According to the WTO

tariff database, the Chinese tariffs on motor vehicles (not taking parts into ac-

count) move around 25 %. Simulating a bilateral 50 % reduction of the tariffs

on these two commodities also brings clear results in the trade flows. While the

welfare effects of such a reduction are quite negligible (less than a tenth of a

percent in all cases), the Czech exports of motor vehicles to China rise rapidly,

about 60 %. Taking into account the high percentage of indirect trade flows

flowing through Germany in the case of motor vehicles (moving even around

800 %) and the relative stability of IO tables, an increase in Czech participa-
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tion on Chinese imports could very well be five times higher using a reasonable

estimate. This modelled scenario also shows the negative welfare effects on the

rest of the world, these are caused by the shift of Chinese import demand to

European vehicles, because of the considerable drop in their price.



Chapter 6

Conclusion

This work provides an analysis of the Czech and Chinese economic relation-

ships. It brings a combination of the indirect trade flow adjustment with a

sophisticated CGE model which allows for a more complex and comprehensive

understanding of the economic relations of the two countries and its possible

changes of in the near future.

The direct exports structure itself indeed cannot be used as the most important

determinant of policy decisions regarding international trade and relations. An

indirect trade flow adjustment shows that the actual economic entanglement

of the two countries is somewhat different and that the policymaker should

rather focus on the actual trade connections than the part of them represented

by direct exports alone when making changes to trade policy. In relationship

to China, these sectors are regularly over years the motor vehicles sector and

the sectors of machinery and electrical equipment.

Moreover, when regarding the sensitivity to shifts the Chinese economy at the

current point, the reaction to shocks in the Chinese economy in the Czech

Republic and the EU appears to be matching the reactions of the rest of the

regions. This might change with growing economic entanglement, which in-

creases, at least in the observed case of the Czech Republic, in higher volumes,

than it might be apparent. Differences in the changes of on the level of trade of

singular industries appear to be significantly more pronounced, thus they can

lead to welfare redistribution on the national level even when the change in

overall income are not very significant. At the current point, the Czech policy-

maker might focus on pushing on liberalizations in sectors with the strongest

participation on the Chinese imports on the EU level, where the joint decisions

on tariffs and trade agreements are made.
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With time, there will be more and more years covered by European IO tables,

which will allow for a better understanding of the indirect trade flows over

time. Moreover, further research can focus on analysis of actual planned trade

agreements between the EU and China, once they are on the table, as well as on

development and usage of more sophisticated models of the global economy.
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Appendix A

Indirect Trade Flows - Codes and

Complete Results

Table A.1: Part 1: A01-C30

CPA A01 Products of agriculture, hunting and related services
CPA A02 Products of forestry, logging and related services
CPA A03 Fish and other fishing products; aquaculture products; sup-

port services to fishing
CPA B Mining and quarrying
CPA C10-C12 Food products, beverages and tobacco products
CPA C13-C15 Textiles, wearing apparel and leather products
CPA C16 Wood and of products of wood and cork, except furniture;

articles of straw and plaiting materials
CPA C17 Paper and paper products
CPA C18 Printing and recording services
CPA C19 Coke and refined petroleum products
CPA C20 Chemicals and chemical products
CPA C21 Basic pharmaceutical products and pharmaceutical prepara-

tions
CPA C22 Rubber and plastics products
CPA C23 Other non-metallic mineral products
CPA C24 Basic metals
CPA C25 Fabricated metal products, except machinery and equipment
CPA C26 Computer, electronic and optical products
CPA C27 Electrical equipment
CPA C28 Machinery and equipment n.e.c.
CPA C29 Motor vehicles, trailers and semi-trailers
CPA C30 Other transport equipment
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Table A.2: Part 2: C31-M70

CPA C31-C32 Furniture; other manufactured goods
CPA C33 Repair and installation services of machinery and equipment
CPA D35 Electricity, gas, steam and air-conditioning
CPA E36 Natural water; water treatment and supply services
CPA E37-E39 Sewerage; waste collection, treatment and disposal activities;

materials recovery; remediation activities and other waste
management services

CPA F Constructions and construction works
CPA G45 Wholesale and retail trade and repair services of motor vehi-

cles and motorcycles
CPA G46 Wholesale trade services, except of motor vehicles and motor-

cycles
CPA G47 Retail trade services, except of motor vehicles and motorcycles
CPA H49 Land transport services and transport services via pipelines
CPA H50 Water transport services
CPA H51 Air transport services
CPA H52 Warehousing and support services for transportation
CPA H53 Postal and courier services
CPA I Accommodation and food services
CPA J58 Publishing services
CPA J59-J60 Motion picture, video and television programme production

services, sound recording and music publishing; programming
and broadcasting services

CPA J61 Telecommunications services
CPA J62-J63 Computer programming, consultancy and related services; in-

formation services
CPA K64 Financial services, except insurance and pension funding
CPA K65 Insurance, reinsurance and pension funding services, except

compulsory social security
CPA K66 Services auxiliary to financial services and insurance services
CPA L68B Real estate services
CPA L68A Of which: imputed rents of owner-occupied dwellings
CPA M69-M70 Legal and accounting services; services of head offices; man-

agement consulting services
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Table A.3: Part 3: M71-U

CPA M71 Architectural and engineering services; technical testing and
analysis services

CPA M72 Scientific research and development services
CPA M73 Advertising and market research services
CPA M74-M75 Other professional, scientific and technical services; veterinary

services
CPA N77 Rental and leasing services
CPA N78 Employment services
CPA N79 Travel agency, tour operator and other reservation services

and related services
CPA N80-N82 Security and investigation services; services to buildings and

landscape; office administrative, office support and other busi-
ness support services

CPA O84 Public administration and defence services; compulsory social
security services

CPA P85 Education services
CPA Q86 Human health services
CPA Q87-Q88 Social work services
CPA R90-R92 Creative, arts and entertainment services; library, archive,

museum and other cultural services; gambling and betting
services

CPA R93 Sporting services and amusement and recreation services
CPA S94 Services furnished by membership organisations
CPA S95 Repair services of computers and personal and household

goods
CPA S96 Other personal services
CPA T Services of households as employers; undifferentiated goods

and services produced by households for own use
CPA U Services provided by extraterritorial organisations and bodies
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A.1 Complete Results of the Re-Export Estima-

tion

Table A.4: Re-Export estimates restricted to three decimal places
(millions of Euro) - Part 1

Code 2009 2010 2011 2012

CPA A01 0,041 0,039 0 0
CPA A02 0,598 1,143 1,475 1,203
CPA A03 0 0 0 0
CPA B 0,029 0,021 0,014 0,031
CPA C10-C12 0,151 0,273 0,194 0,519
CPA C13-C15 1,942 2,219 2,474 2,945
CPA C16 0,263 0,501 0,541 0,524
CPA C17 0,39 0,557 0,56 0,644
CPA C18 0,151 0,124 0,098 0,296
CPA C19 0,062 0,141 0,042 0,064
CPA C20 4,81 5,687 10,004 12,257
CPA C21 0,329 0,572 0,844 1,309
CPA C22 7,145 12,698 15,778 18,805
CPA C23 1,713 2,546 3,321 3,921
CPA C24 4,519 3,323 4,287 5,251
CPA C25 13,213 18,142 21,077 22,832
CPA C26 27,134 37,926 61,977 61,532
CPA C27 50,856 74,312 83,511 82,166
CPA C28 64,113 100,595 137,208 121,726
CPA C29 78,505 123,403 209,197 208,82
CPA C30 1,613 2,72 1,652 1,696
CPA C31-C32 3,944 6,286 7,462 8,858
CPA C33 0 0 0 0
CPA D35 0 0 0 0
CPA E36 0 0 0 0
CPA E37-E39 1,426 1,287 3,415 0,691
CPA F 0 0 0 0
CPA G45 0 0 0 0
CPA G46 0 0 0 0
CPA G47 0 0 0 0
CPA H49 0 0 0 0
CPA H50 0 0 0 0
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Table A.5: Re-Export estimates restricted to three decimal places
(millions of Euro) - Part 2

Code 2009 2010 2011 2012

CPA H51 0 0 0 0
CPA H52 0 0 0 0
CPA H53 0 0 0 0
CPA I 0 0 0 0
CPA J58 2,051 1,861 1,672 1,785
CPA J59-J60 0,042 0,176 0,128 0,057
CPA J61 0 0 0 0
CPA J62-J63 0 0 0 0
CPA K64 0 0 0 0
CPA K65 0 0 0 0
CPA K66 0 0 0 0
CPA L68B 0 0 0 0
CPA L68A 0 0 0 0
CPA M69-M70 0 0 0 0
CPA M71 0,006 0,001 0,007 0,009
CPA M72 0 0 0 0
CPA M73 0 0 0 0
CPA M74-M75 0,877 0,002 0 0
CPA N77 0 0 0 0
CPA N78 0 0 0 0
CPA N79 0 0 0 0
CPA N80-N82 0 0 0 0
CPA O84 0 0 0 0
CPA P85 0 0 0 0
CPA Q86 0 0 0 0
CPA Q87-Q88 0 0 0 0
CPA R90-R92 0 0,001 0,016 0,001
CPA R93 0 0 0 0
CPA S94 0 0 0 0
CPA S95 0 0 0 0
CPA S96 0 0 0 0
CPA T 0 0 0 0
CPA U 0 0 0 0
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A.2 Complete Results of Indirect Export Estima-

tion

Table A.6: Indirect exports estimates restricted to three decimal
places (millions of Euro) - Part 1

Code 2009 2010 2011 2012

CPA A01 0,062 0,041 0,057 0,078
CPA A02 0,505 0,505 0,696 0,611
CPA A03 0 0 0 0
CPA B 0,001 0,001 0,003 0,003
CPA C10-C12 0,263 0,477 1,038 1,92
CPA C13-C15 0,438 0,597 0,528 0,615
CPA C16 0,531 1,084 1,21 1,083
CPA C17 1,049 1,344 1,6 1,715
CPA C18 0,247 0,219 0,189 0,514
CPA C19 0,391 1,348 1,502 2,065
CPA C20 11,968 17,772 25,138 28,037
CPA C21 0,274 0,454 0,536 0,785
CPA C22 9,798 18,303 20,183 23,101
CPA C23 1,969 3,383 3,685 3,939
CPA C24 14,356 16,31 16,764 17,399
CPA C25 15,976 23,017 26,497 29,188
CPA C26 17,483 27,186 41,333 43,128
CPA C27 55,033 76,391 89,547 84,563
CPA C28 128,214 210,783 277,693 240,037
CPA C29 183,173 386,956 493,943 534,487
CPA C30 3,485 4,51 2,84 3,593
CPA C31-C32 2,655 4,186 5,053 6,103
CPA C33 0 0 0 0
CPA D35 0 0 0 0
CPA E36 0 0 0 0
CPA E37-E39 4,824 7,781 9,97 10,598
CPA F 0 0 0 0
CPA G45 0 0 0 0
CPA G46 0 0 0 0
CPA G47 0 0 0 0
CPA H49 0 0 0 0
CPA H50 0 0 0 0
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Table A.7: Indirect export estimates restricted to three decimal places
(millions of Euro) - Part 2

Code 2009 2010 2011 2012

CPA H51 0 0 0 0
CPA H52 0 0 0 0
CPA H53 0 0 0 0
CPA I 0 0 0 0
CPA J58 0,975 1,014 1,053 1,312
CPA J59-J60 0,029 0,074 0,029 0,024
CPA J61 0 0 0 0
CPA J62-J63 0 0 0 0
CPA K64 0 0 0 0
CPA K65 0 0 0 0
CPA K66 0 0 0 0
CPA L68B 0 0 0 0
CPA L68A 0 0 0 0
CPA M69-M70 0 0 0 0
CPA M71 0,92 0,169 2,548 3,558
CPA M72 0 0 0 0
CPA M73 0 0 0 0
CPA M74-M75 0,107 0 0,001 0,002
CPA N77 0 0 0 0
CPA N78 0 0 0 0
CPA N79 0 0 0 0
CPA N80-N82 0 0 0 0
CPA O84 0 0 0 0
CPA P85 0 0 0 0
CPA Q86 0 0 0 0
CPA Q87-Q88 0 0 0 0
CPA R90-R92 0 0 0,004 0
CPA R93 0 0 0 0
CPA S94 0 0 0 0
CPA S95 0 0 0 0
CPA S96 0 0 0 0
CPA T 0 0 0 0
CPA U 0 0 0 0
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Appendix 2

B.1 Income Effects of the Simulated Shocks

Table B.1 shows the effects of the simulated shocks on regional income. Techonol-

ogy columns in the following tables indicate the 1 % negative technology shock

to the Chinese economy, Consumption columns show the effects of a 10 %

rise in the Chinese private consumption, Unilateral Liberalization shows the ef-

fects of the EU dropping protective tariffs and Specific Tariff Reduction shows

the effects of a bilateral reduction of tariffs in the area of Motor Vehicles and

Machinery.

Table B.1: Income effects of the simulated shocks

Region Technology Consumption Unilateral
Liberaliza-
tion

Specific
Tariff Re-
duction

China -3.75 0.85 1.38 -0.09
Hong Kong
and Taiwan

0.13 0.08 0.11 -0.1

Rest of Asia 0.19 -0.03 0.01 -0.07
N. America 0.17 -0.06 -0.01 -0.02
Czech
Republic

0.18 -0.05 -0.31 0.04

Rest of the
EU

0.17 -0.05 -0.23 0.07

Africa and
the ME

0.21 -0.02 -0.7 0

Rest of the
World

0.18 -0.03 -0.1 0
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B.2 Changes to the Czech Exports

Table B.2 shows the effects the simulated shocks have on the Czech exports to

all sectors. Table B.3 shows the effects on the Czech exports to China.

Table B.2: Effects on Czech exports in general

Commodity Technology Consumption Unilateral
Liberaliza-
tion

Specific
Tariff Re-
duction

GrainsCrops -0.07 0.15 9.37 -0.05
MeatLstk -0.06 0.11 6.03 0.03
Extraction 0.3 0.14 0.6 -0.13
ProcFood -0.03 0.07 1.8 0.01
TextWapp 0.22 0.61 -3.14 -0.14
LightMnfc -0.01 0.19 -0.25 -0.03
MtrVhc 0 -0.06 0.3 0.31
MchnrEq 0.08 0.07 0.28 0
HeavyMnfc 0.14 0.18 0.09 -0.07
Util Cons -0.05 -0.06 0.3 -0.02
TransComm -0.15 0.03 0.48 -0.01
OthServices -0.13 0.08 0.32 -0.03

Table B.3: Effects on the Czech exports to China

Commodity Technology Consumption Unilateral
Liberaliza-
tion

Specific
Tariff Re-
duction

GrainsCrops -1.62 4.28 18.62 -0.16
MeatLstk -2.22 5.36 13.95 -0.23
Extraction 0.4 -0.74 0.85 0.04
ProcFood -1.76 4.22 5.8 -0.24
TextWapp 0.45 2.26 10.83 -0.53
LightMnfc -0.36 2.05 4.22 -0.46
MtrVhc -0.13 1.78 2.5 60.46
MchnrEq -0.27 1.34 3.26 23.19
HeavyMnfc 0.63 0.73 2.6 -0.45
Util Cons -2.41 1.4 2.56 -0.13
TransComm -3.2 2.45 2.51 -0.31
OthServices -3.91 3.04 2.57 -0.2
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