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Introduction

Rising technological and innovative capabilities in some emerging economies, especially
in China, have attracted a lot of attention since these economies are starting to challenge
the capabilities of the historic R&D leaders. Chinese products have conquered world
markets and China is called the workshop of the world. The current view on China
reminds the fears of Japan in the 1970s and 1980s. The question is whether the techno-
logical capabilities in China are rising significantly and can be a threat to the economic
position of developed countries.

The US share in the world’s science and engineering graduates is declining rapidly
(Freeman, 2005) and the situation is similar in Europe. Furthermore, the produc-
tivity gap between the US and Japan on the one hand and Europe on the other hand
is widening. Fiscal problems in Europe may restrict investment for several years and
thereby higher divergence among EU countries is expected in this decade. Thus, the
share of R&D and innovations among the developed regions of the world is expected
to decrease most significantly in the EU.

The views on whether emerging economies will be able to catch up with developed
regions in innovation capabilities differ. Despite the huge investment in R&D, rising
numbers of graduates in science and technology fields and rising share of scientific
papers, the share in triadic patent families is still very low in China. The aim of this
paper is to find out whether China is catching up with other developed countries in
terms of technology and innovations.

There are various methods used for measuring the innovative capacity of an
economy, although measuring of technology and innovations as such remains proble-
matic. One of the possibilities is to measure the technological capabilities of countries
based on the technological sophistication of their exports. The technological level
of Chinese exports - the EXPY introduced by Hausmann et al. (2007) will be used
in this paper. This index is calculated for each country importing goods to the EU12 and
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is based on the assumption that high-income countries export commaodities which are
associated with higher productivity.

The EXPY calculation is based on products imported to the EU12 from all countries
in the years 1990, 1995, 2000, 2005 and 2009 using the Eurostat trade data. EU had only
12 member states in 1990 and the Eurostat offers only data for its members, therefore
all the calculations were made for the EU12 because changing the number of countries
could alter the results. Hausmann et al. (2007) used detailed product classification; only
68 product groups (two-digit SITC codes) were used in my calculations because this
paper is a preliminary study to a more detailed analysis.

1. Technology, globalisation and trade

In the 1980s, scholars started to regard technology, innovations and R&D as key
drivers to economic performance (Aghion and Howitt, 1992; Baumol et al., 1989). This
is in big contrast to earlier years when technology was regarded as an exogenous factor
to economic growth (the Solow residual). Globalisation has brought increasing compe-
tition and the pressure on firms to innovate is higher than ever before. New technology,
R&D and innovations are important without any doubt. The question is what type
of innovations/technology is crucial? First, a distinction between specific terms should
be made.

Based on OECD definitions “innovation is the implementation of a new or signi-
ficantly improved product (good or service), or process, a new marketing method, or
a new organisational method in business practices, workplace organisation or external
relations” (OECD, 2005, p. 46). There is often a mutual interdependence between
technological and organisational innovations.

Research and development (R&D) refers to creative work “undertaken
on a systematic basis in order to increase the stock of knowledge, including knowledge
of man, culture and society, and the use of this stock of knowledge to devise new appli-
cations” (OECD, 2002, p. 30). There are huge differences in R&D investment between
industries; many industries in the service sector are not engaged in any systematic
R&D, though they do innovate.

Technology is the state of knowledge concerning ways of converting resources
into outputs (OECD, 2001). Rosenberg (1982, p. 3) defines it as *“a certain type of know-
ledge which makes it possible to produce (1) a greater volume of input or (2) a quali-
tatively superior output from a given amount of resources”. Technological upgrading
refers to the movement from low-value to relatively high-value activities.

Diffusion is the process within which innovations and new knowledge spread
through the society. Diffusion is critical for the economic impact of an invention and
it relates to the size of the cost reduction that it makes possible by comparing the new
technology to the alternative available technology. The rate and speed of diffusion
in a country depend on its environmental and institutional conditions.

New technology is often stressed as a key determinant of economic growth,
especially in the “new” growth theories (Romer, 1991; Aghion and Howitt, 1992, etc.).
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Many authors (e.g., Schumpeter, 1947) think of the nature of technological change
as discontinuous. However, Rosenberg (1982) notes that the process of innovati-
on-implementation and small improvements and modifications can be as important
(or even more important) as infrequent major innovations and there is a big variety
in utilization of technological innovations developed in other industries. At the same
time, new technology can lead to the decline of some older technology as a part of the
processes of creative destruction. Many industrial areas have come down because they
were locked-in in declining industries.

Many concepts aim at supporting innovation in countries and regions and its
diffusion. Innovations and new technology are generated in areas with high rates of
capital accumulation and specific human capital. Tacit knowledge! as well as formal
and informal institutions are considered to be the key determinants of the geography
of localisation activity. Thus, proximity plays a crucial role even in the Internet age
(Gertler, 2007; Lundvall, 1992). Many empirical studies have proven the importance
of local context (Saxenian, 1996). Historical processes do matter; hence, we should
not forget the path-dependent nature of the innovation process. Even though innova-
tions remain concentrated in a few areas, radical innovations can create “windows
of locational opportunity”, where physical and labour capital crucial for existing
industries is of little relevance (Scott and Storper in Storper, 2011).

Innovation and technology originate in a few regions and spread to other regions
thanks to diffusion. Typically, the diffusion in the adoption levels within technology
across countries is about 5 times larger than the cross-country diffusion in income
per capita (Comin et al., 2006) and thus “technology transfer keeps countries from
drifting indefinitely far from each other” (Hall and Jones, 1999, p. 4).

1.1 Globalisation and technology

Globalisation has brought qualitative differences; global economy is increasingly
interconnected and thus more volatile. Productive activities have been decomposed and
the whole production process vertically disintegrated. Different types of activities are
located in different parts of the world. New interdependencies between firms, industries
and nations are being established.

When speaking about new interconnections, the global production network concept
can help explain them. A global production network (GPN)? “is the circuit of intercon-
nected functions, operations and transactions through which specific commaodity, good
or service are produced and consumed” (Dicken, 2011, p. 56). GPN have a huge impact
on innovation capabilities of a country, they can stimulate diffusion of innovations or

1 Tacit knowledge is specific knowledge that is difficult to transfer because (1) people are often not aware of
the fact they have the knowledge; (2) it is difficult to express the knowledge (Gertler, 2007).

2 Apart from GPN, global value chains (GVC) and global commaodity chains (GCC) are other common
concepts. The GPN approach is broader; GVC/GCC concentrate on linear structures and inter-firm relations,
whereas GPN encompass all kinds of networks, actors and relationships (Coe et al., 2008).
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vice versa. This depends especially on the position of the country and its enterprises
in the GPN (Altenburgh et al., 2008).

Thanks to GPN, parts of the products can be produced in various countries and
then assembled. When imported inputs are used to assemble a final product, the share
of value added generated by the exporting country is much lower than appears at first
sight. A common example is the iPod, which is assembled in China and exported
to the USA for USD 150, whereas the value added in China is around USD 4; the
remaining value is attributable to other countries such as the USA and Japan (Koopman
et al., 2008). Hummels et al. (2001) proposed a calculation of “vertical specialization”
of a country’s trade, which measures foreign value added embodied in exports based
on an input-output table.

Processing exports are goods produced by assembling intermediate inputs, which
are exempted from tariffs since the final products are sold only on foreign markets.
According to Koopman et al. (2008), processing exports account for more than 50%
of China’s exports (twice as high as estimated by the calculation of vertical speciali-
sation). They also found that in goods that are more sophisticated the share of domestic
content is even lower and vice versa for low-skilled products.

Production is not the only activity that has been relocated to some measure. Inter-
nationalisation of R&D has followed manufacturing and services but it remains limited.
However, the trend is clear: a growing share of R&D is undertaken abroad (UNCTAD,
2005). Only a decade ago, a research by Patel and Pavitt (1991) showed that based
on the geographical distribution of patents of the world’s largest firms, innovative
activities were among the least internationalized of their functions. Many studies show
that knowledge spillover is a geographically localised process (Jaffe et al., 1993).
Surprisingly, the present-day geographic dispersion of the innovation process does not
contradict these studies: it remains concentrated in the old as well as a handful of new
clusters. Strategic alliances in R&D and open innovation are now more common. The
total share of patents involving international co-invention worldwide increased from
4% in 1991-93 to 7% in 2001-03 (OECD, 2009). Many emerging economies form
collaborations with other global leaders to build their scientific and technological infra-
structure and knowledge base.

Nevertheless, it is difficult and costly to fragment R&D in different parts of the
world. Knowledge is cumulative and consists of codified as well as tacit knowledge.
There is a high demand for organisational and managerial skills and a risk of technology
leakage — especially in countries with weak intellectual property rights (IPR) prote-
ction like China — reduces the offshoring of R&D. On the other hand, lower costs
and search for new talents are the main reasons for R&D offshoring. While offshoring
of R&D to some emerging economies is important, it is not the only source of R&D.
Emerging economies develop their own innovation capabilities in both the public and
private sectors. Furthermore, we also witness flows of R&D from emerging economies
to developed countries and within emerging economies themselves.

Apart from production networks, personal and professional networks are another
factor that can contribute to technological upgrading. According to Saxenian (2007),
the growing mobility of highly skilled workers makes the flows two-way and it is
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more a “brain circulation” than a “brain drain”. She argues that Chinese scientists and
entrepreneurs with experience from Silicon Valley can transfer knowledge and skills
between distant regions more efficiently than TNCs.

Globalisation can enable some countries to catch up but, on the other hand, division
of labour allows developed countries to focus on non-routine activities with high value
added since standardized production takes place in developing countries.

1.2 China

China is trying to become a technology leader®. Its economic growth which
started in the 1980s is impressive. Unlike other countries, China has not been hit hard
by the recent financial crisis. Foreign investment has played a major role in China’s
growth. The FDI helped to foster domestic capacities thanks to policies that ensured
technology transfer. Reverse engineering and imitation is common in China because
of weak enforcement of IPR. Various conflicting policies aimed at supporting innova-
tions and technology have resulted in many different regional systems. These systems
excel in perfecting innovation capabilities used in production and adaption of products
developed elsewhere (Bresnitz and Murphree, 2011).

The big advantages of China are its huge and rising market size, attractiveness for
FDI and capital accumulation enabling huge investment in the innovation system. The
GDP growth pace has been about 10% in the last 20 years; however, the big question
is its sustainability. China has great international professional networks and has started
reverse brain drain policies to attract Chinese scientists back home. Another advantage
is its economic purchasing and political bargaining power. China’s high-tech design and
manufacturing abilities are growing in many fields neglected by developed countries
(material science, etc.).

Trade has played a significant role in China’s transformation and intensified after
its WTO entry. China is able to offer flexible production on a mass scale although
rising wages may reduce its cost advantage. China’s huge economic growth is even
more surprising when we consider that China has opened gradually, it still has not
accomplished many important reforms, and the rule of law remains weak. Similar
to other East Asian countries, China has followed policies of promotion and protection
(Rodrik, 2006).

There are two opposite opinions on whether China can become a technology
leader. Some authors are convinced that it is already happening (Segal, 2003; Porter
et al., 2009), whereas others believe that China does not have the capability to come
up with breakthrough innovations (Cao, 2004; OECD, 2006). Bresnitz and Murphree
(2011) present a different view. They argue that China can excel without creating
novel technologies. Japan did the same when it gained dominance in the car industry
by developing a superior production system rather than novel-product innovations.

3 China has an ambition to become an innovation-oriented country by 2020 (Chinese Government Official Web
Portal, 2006).
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So far, China has made big progress in R&D and innovations mainly in input
factors: in R&D investment and employment. Output indicators such as patents and
scientific publications remain weak, although the catch-up in science is faster than
in technological innovation*. The question is whether the difference between the effort
and the achievement is caused by inefficiencies in the innovation system or due to the
time lag between the R&D investment and output. The numbers of graduates are also
rising dramatically. Apart from a few universities, the quality of the graduates is rather
poor, however. Based on a McKinsey report (2005), only 10 percent of China’s engine-
ering graduates are suitable for work in global corporations. Nevertheless, the supply
of well-trained engineers from China is considerable.

China is a top supplier of manufacturing outsourcing for many global companies.
The majority of foreign-invested enterprises engage in manufacturing activities and
perform little R&D in China (OECD, 2009). If TNCs perform R&D, it is mostly
adaptive R&D or innovative R&D linked to production for the local market. China’s
trade in high-tech products is still dominated by processing with imported materials,
and processing and assembly is still the main source of China’s high-tech exports
(OECD, 2009). Process innovations and incremental improvements prevail in China.
On the other hand, China’s high-tech companies create a reverse flow of R&D invest-
ments to the advanced nations. Chinese companies such as Huawei are going global
and they can also acquire technology knowledge through industrial acquisitions.

China’s export structure is upgrading but is it due to rising technological and
innovation capabilities or rather due to the assembly of sophisticated final goods from
imported sophisticated intermediate inputs? China is labour-abundant although there
are huge regional differences®. Even the position of Chinese high-tech regions (Beijing,
Shanghai-Suzhou and Shenzen-Dongguan) in the GPN differs and they perform
different functions for the domestic market (Zhou et al., 2011). Thus, the evaluation
of China’s performance is more complicated.

There are three possible scenarios for China in the field of technology and innova-
tions: China will become a technology leader; China’s position will improve but China
will not surpass the position of developed countries; or China’s position will decline
because of political or/and environmental reasons. A mixture of government policies
has helped foster China’s innovation capabilities (Bresnitz and Murphree, 2011).
Whether China’s policies will remain flexible in future is thus of key importance.

4 The share in triadic patent families in 2008 was only 1.1% and China accounted for 12% of the world’s
scientific articles (OECD, 2010).

5 The GDP per capita in Shanghai Municipality was 12 times higher than in Guizhou Province in 2000 (Schott,
2008).
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1.3 Measuring technology and innovations

Without any doubt, Chinese products have flooded the world. This paper focuses
on whether China is catching up® with developed countries in technology, innovations
and R&D. One of the biggest problems of comparing technological sophistication
and innovation capability of nations, regions and even firms is how to measure it.
As Alteburg et al. (2008) noted, “it is notoriously difficult to measure and compare
innovation capabilities.” Technology and innovations embodied in physical equipment,
goods and services, and organizational forms are difficult to observe or measure.

There are several indicators used for measuring innovations. One of them is total
factor productivity, which accounts for effects in total output not caused by capital and
labour inputs. However, there are other factors besides technology, which are a part
of the Solow residual and the question how to distinguish technology has not been
solved. Furthermore, technology is correlated with capital. Inputs and outputs of scien-
tific activity such as patents, R&D expenditures, human capital and scientific publica-
tions or citations are among other common indicators. Their use has many limitations.
Regarding patents, not all things are patentable and there are differences in patenting
between industries and countries. Most patents are worth very little. In the case of R&D
expenditures, the returns from public and private expenditures can differ significantly.
The time lag for the effect of R&D activities on productivity is not known (Griliches,
1979). Many innovations especially in the service sector do not come from any formal
R&D.

Trade data are used as a measure of China’s innovation capability because they
are among the most reliable (in manufacturing, not in services) compared to data on
innovations and R&D. Therefore, trade data will be used as a measure of technological
sophistication in this paper.

1.4 Trade

The specialisation of a country on particular products and tasks is determined by
its “resources” — physical and human capital, labour, natural resources and the quality
of its institutions. Thanks to international trade, countries can specialise on products
that they are best at. In the Ricardian model of comparative advantage, specialisation
is a consequence of differences in labour productivity across industries and is caused
by using different technologies. The Hecksher-Ohlin model removes technology varia-
tions and is based on the factor endowments of a trading region. According to the
Hecksher-Ohlin model, countries will use intensively the factor of production which is
relatively abundant in the country and import products which use the country’s scarce
factors. Trade barriers and trade policies promoting exports are not included in these
models and can act against them. International trade takes place between high-income
and low-income countries, as well as between two high-income countries, therefore

6 In this sense the term ‘catch up’ means technology and innovations embodied in machinery and products,
methods and processes used in business practices and organisation, as well as progress in R&D mostly
in basic research.
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new trade theory models stress consumer habits such as their love of variety and market
size as well (Schott, 2008).

Many other forces shape the type of products that countries export — uncertainty
of entering into new activities, technological spillover, network effects, increasing
returns to scale, etc. In general, “countries that specialize in the types of goods that rich
countries export are likely to grow faster than countries that specialize in other goods”
(Hausmann et al., 2006, p. 2). Rich countries usually export goods which are associated
with higher productivity. | will be using indexes called PRODY and EXPY proposed
by Hausmann et al. (2007), which are based on products that countries export. Exports
of countries are a good proxy showing the ability of a country to produce competitively
for the world markets. Goods of poor quality, not good enough for the exports, can be
still traded within the economy.

2. Methods

The EXPY index for all countries exporting goods to the EU (see Hausmann et al.,
2007) is calculated based on the trade data. In the first step, the PRODY index is calcu-
lated which assigns productivity scores to all traded products based on the weighted
average of comparative advantages of its exporters’ incomes. Then, the EXPY is calcu-
lated based on the PRODY scores for the goods and its relative representation in the
exports to the EU12.

Xu (2006) constructed the QEXPY index when he added to the PRODY an index
which measures the relative unit value of a country’s exported goods in order to cover
products of different quality within the same product group. Kemeny (2011) calcu-
lated a similar index — TECH. It also includes the quality level of each good based on
relative unit prices and, in addition, it accounts for changes in the sophistication of
products themselves over time. The TECH index is highly correlated with both EXPY
and QEXPY (Kemeny, 2011).

For each product, aweighted average of the per capita GDP (in PPP) of the countries
that export the product is calculated — the PRODY index. It defines the revealed produ-
ctivity associated with an individual good. After that, another index — EXPY - is calcu-
lated for each country based on the export-weighted average of the PRODY. Hausmann
et al. (2007) constructed a time-invariant PRODY indicator. | am using a measure
of revealed productivity proposed by Kemeny (2011), which varies by product and year
(but not by country). Using a calculation for several years enables us to observe the
time variation. Unlike Kemeny (2011), | do not use the unit price differences. Firstly,
the indexes with price units are highly correlated with the EXPY, so using EXPY at this
stage of research should be sufficient. Secondly, the Eurostat data do not capture the
quantity of goods (only in some cases), which makes this calculation impossible.

Let countries be indexed by ¢ and goods by g; X, denotes total exports by a country,
X, IS the value of a good g for a country ¢, and Y, is the per capita GDP in PPP for
a country. Hence,
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for the country c, the denominator aggregates the value shares of all the exporters of
the good g. The productivity level for each country (EXPY) is a weighted average of
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2.1 Data

The trade data are from the Eurostat trade statistics; imports of services were excluded’.
The imports from individual countries to the EU12 do not distinguish processing
exports®. The two-digit SITC codes are used for product classification (overall 68
product classes). Hausmann et al. (2007) and Kemeny (2011) used a more detailed
product classification (at least 6 digits). Using as many product classes requires more
complicated calculations. Since this is only a preliminary study, only two-digit-level
classification was used. In further research, the calculations will be based on more
detailed data. The value of the exports is measured in Euros.

The EXPY was calculated for the years 1990, 1995, 2000, 2005, and 2009. Only
imports to the member states of the EU12 were considered because in 1990 only
these 12 member states were in the EU and the Eurostat offers only data for them.
On account of EU enlargement, another 15 states became members of the EU during
the observed period. Increasing the number of the states whose imports were evaluated
could markedly change the calculation of the EXPY. For that reason all the calculations
are based on imports to the EU12.

The wealth of the countries is based on the GDP per capita in PPP. Using simply
exchange rates may distort the real differences in income. Purchasing power parity
is more useful when comparing generalized differences in living standards between
countries. The data come from the Penn World Tables (Heston et al., 2011).

All the imports to countries of the EU12 were included; trade within the
EU12 states was not taken into account. Observations for islands which are part
of other countries were also given in the Eurostat data. Where these islands were part

7 The data on the quality of the trade in services is considerably lower than for manufacturing. Countries
exporting more advanced services are expected to export more sophisticated goods.

8 Data for processing exports require using input-output tables which are available only for some countries and
some years.
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of the EU12 states, their imports were excluded. Where islands were part of non-member
states, their imports were added up to the imports of their respective countries.

Thenumberofcountriesintheobservedperiodincreased, mainlybecauseofthebreak-
down of former USSR and Yugoslavia. The calculations for each year are based
on countries which were independent at that time. Non-specified countries, polar areas
and stores were excluded from the source data. Confidential products were also excluded.

Hausmann et al. (2007), Kemeny (2011), and Xu (2006) used imports to the US.
The US economy is big, relatively open and it is an attractive export destination. On
the other hand, the EU12 consists of 12 countries and many EU policies can alter the
exports. Other things can alter the imports like differences in demand, customer habits
and transport costs. The USA is rather “isolated”; the EU is surrounded by many states.
A lot of them became member states of the EU during the observed period and thus also
part of the EU internal market. Although the US seems to be a better unit for classifying
the export sophistication of countries, the author is interested mainly in China catching
up with the EU and therefore using exports to the EU is understandable. Furthermore,
counting the EXPY on EU data will enable us to find out whether there are considerable
differences in the results for the EU and the limitations of using this type of data.

2.2 Results

The EXPY index is calculated based on imports to the member states of the EU12.
The value of import shares of countries have changed dramatically, as well as the type
of goods being exported, and these alter the calculations. China’s exports to the EU12
have risen six times, confirming it as the workshop of the world (see Table 1). The
US exports have fallen by 40% and Japanese by 60%. Two post-communist countries,
Poland and the Czech Republic, increased their exports to the EU12 after joining
the EU (and the internal market of the EU).

Table 1

Biggest exporters to the EU12 in 1990 and 2009
Biggest exporters Share of exports Biggest exporters Share of exports
in 1990 in 1990 (%) in 2009 in 2009 (%)
United States 18.2% China 14.5%
Japan 10.4% United States 10.7%
Switzerland 71% Russia 5.2%
Sweden 5.7% Switzerland 4.9%
Austria 4.7% Poland 4.2%
Norway 3.5% Japan 3.9%
Soviet Union 3.1% Austria 3.8%
China 2.4% Norway 3.6%
Finland 2.4% Czech Republic 3.5%
Canada 21% Sweden 3.4%

Source: Eurostat Comext Database, 2011.
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As we would expect, primary commodities have the lowest rankings for PRODY
within the 68 product groups (Table 2). In general, primary commodities are the main
good exported by the poorest countries. The highest PRODY was calculated for the
most sophisticated products. This is in accordance with the traditional theory of compa-
rative advantage.

Table 2
Product classes with highest and lowest PRODY

Lowest Prody* Highest Prody*

PHOTOGRAPHIC APPARATUS, EQUIPMENT
AND SUPPLIES AND OPTICAL GOODS,
N.E.S.; WATCHES AND CLOCKS

TOBACCO AND TOBACCO MANUFACTURES METALWORKING MACHINERY

FIXED VEGETABLE FATS AND OILS, CRUDE, MEDICINAL AND PHARMACEUTICAL
REFINED OR FRACTIONATED PRODUCTS

TEXTILE FIBRES (OTHER THAN WOOL TOPS
AND OTHER COMBED WOOL) AND THEIR
WASTES

CRUDE ANIMAL AND VEGETABLE
MATERIALS, N.E.S..

COFFEE, TEA, COCOA, SPICES, AND
MANUFACTURES THEREOF

PAPER, PAPERBOARD AND ARTICLES OF
PAPER PULP, OF PAPER OR OF PAPERBOARD

ELECTRIC CURRENT

Source: Eurostat Comext Database, 2011.
* Calculation based on average rankings for 1990, 1995, 2000, 2005 and 2009.

During the observed period, some product groups changed their positions
in the “sophistication hierarchy”. This can be affected by the changes in market prices,
especially in the case of gas, and by the Common Agricultural Policy (CAP) and Trade
Policy of the EU. The CAP and its customs policy restrict imports to the EU. With
the enlargement of the EU, new members with relatively high GDP can now export
agricultural products to the EU, which can increase the PRODY index. For example,
the product group Feeding stuff for animals moved substantially up the quality ladder.

Table 3
Descriptive statistics of EXPY

Year Observation Mean Sd Min Max

1990 156 7767 3297 2448 19859
1995 178 8282 3635 2924 18473
2000 179 9290 3733 3106 18088
2005 180 11027 4136 3118 26061
2009 181 12774 6294 2846 44211

Between the years 1990 and 2009, the maximum EXPY grew significantly, whereas
the lowest index remained relatively stable. The highest EXPY index was calculated for
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Qatar. The reason is that gas is a prevalent good exported to the states of the EU12 from
Qatar and the prices of gas grew significantly in the observed period.

Some countries changed their positions. Argentina, South Africa, Egypt’, and
India improved their EXPY scores, whereas Saudi Arabia, Pakistan, Morocco and Iraq
exhibit the opposite direction. In the case of India, the position is probably underesti-
mated since the EXPY only covers trade in manufacturing and not in services, where
India has experienced a boom. There are also big changes in the positions among
many small countries and islands whose exports to the EU12 are very low and deviate
from year to year. In this case, lack of diversification of exports can change the EXPY
significantly.

The lowest EXPY scores are mainly among the least developed African countries.
The exports from these countries to the EU12 are very small and contain mostly primary
commodities with the lowest PRODY scores. The most sophisticated exporters are
traditional technological leaders like Japan, Switzeland, Sweden or the United States,
and many small economies whose GDP per capita in PPP is one of the highest — Liech-
tenstein, San Marino, Singapore and Qatar (see Table 4).

The EXPY calculations by Hausmann et al. (2007) and Kemeny (2011) were based
on imports to the USA. Therefore, it is difficult to compare their EXPY scores with my
results because many EU12 countries were among the countries with highest EXPY
scores for the US. On the other hand, Switzerland ranked among the highest values and
poor African countries reached the lowest EXPY scores.

Table 4

Selected countries with the highest and lowest EXPY
Smallest Expy* Sh?;ezggg )((;)c))rts Largest Expy* Sh?':ezg(fjg )((;)c))rts
BURUNDI 0 JAPAN 3,86
RWANDA 0 LIECHTENSTEIN 0,05
MALAWI 0,02 SAN MARINO 0
UGANDA 0,03 SINGAPORE 1,01
PAPUA NEW GUINEA 0,04 SWITZERLAND 4,89
COTE D’IVOIRE 0,23 QATAR 0,25
ETHIOPIA 0,03 OMAN 0,04
MONGOLIA 0 SWEDEN 3,4
KENYA 0,08 FINLAND 1,39
GUATEMALA 0,03 UNITED STATES 10,69

Source: Eurostat Comext Database, 2011, own calculations.
* Calculation based on average rankings for 1990, 1995, 2000, 2005 and 2009.

The high correlation coefficient between the GDP and EXPY confirms that rich
countries export the same types of products that are exported by other rich countries,
and the same is true for poor countries (see Table 5 and Fig. 1). Although the GDP is
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part of the EXPY calculation, further analysis by Hausmann et al. (2007) found that the
EXPY is an independent force on economic growth.

Table 5
Regression of EXPY and GDP per capita

Year Number of observations R? Root MSE

1990 156 0.4719* 2403.9

1995 178 0.4850* 2615.8

2000 179 0.3872* 2941.9

2005 180 0.4141* 3181.1

2009 181 0.4232* 4973.2
*p <0.05

Source: Heston et al. (2011), own calculations.

Figure 1
Scatter graph for EXPY 09 and GDP09*
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Source: Heston et al. (2011), own calculations.
* two outliers were left out of the chart (Lichtenstein and Qatar).
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2.3 Results for China

Despite the fact that the EXPY score for China rose from 13000 to 16000 (see Fig.
2), the ranking of China among other states went down from the 23" to the 44 position.
China is the biggest exporter of Office machines and automatic data-processing
machines, electric machinery and Apparel and clothing; these product groups have the
PRODY scores around the average. India seems to be doing better.

Figure 2
EXPY for selected countries from 1990 to 2009
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The EXPY calculated for China by Hausmann et al. (2007) between the years 1992
and 2003 had risen. Schott (2008), on the other hand, mentioned vertical differentiation,
which means that even the same good can employ more sophisticated technologies and
this should manifest in price differences. He found that even though China’s export
basket has increased markedly and now overlaps with that of high-income countries,
China’s relative export prices are significantly lower and have decreased over the last
ten years.

Kemeny (2011) also found that the technological upgrading in China between 1972
and 2001 does not significantly outdo its income level. Kemeny (2011) used a price unit
index and calculated TECH scores for each country. The TECH for China revealed
that the growth in the TECH came from the fact that China started to produce more
sophisticated goods with higher PRODY scores, whereas the quality of its goods (based
on unit price comparisons) was downgrading. Amiti and Freund (2007) found that
between 1997 and 2005, average prices of exports from China to the US fell by 1.6%
per year whilst the average prices of the same products exported to the US from other
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countries increased on average by 0.7% by year. Although lower prices can indicate
lower quality, China is often accused of manipulating the value of the yuan in order
to give a competitive advantage to Chinese exporters. Prior to the 2005 revaluation,
economists had argued that the yuan was undervalued by 15-40% (Forex Blog online,
2001). The undervaluation of the yuan could make the “quality” of the goods exported
from China seemingly lower than they are in fact. On the other hand, if Chinese goods
were sold at higher prices, they could not compete on the world markets because of
their lower quality. Estimating China’s technological capacities is even more difficult
when we consider the huge regional differences within China.

Some studies found that the sophistication level of Chinese exports is higher than
would correspond to its income level (Hausmann et al., 2007; Rodrik, 2006). Never-
theless, it could be a result of foreign-owned TNCs who export from China. Additio-
nally, processing trade (sophisticated intermediate goods are imported to China and
assembled as final goods for exporting) may have played a role. The calculation is
based on the assumption that the exporting country produced the good from start to end.
Xu and Lu (2009) focused on the role of foreign firms in the determination of China’s
export sophistication and estimated that there is increasing presence of wholly owned
foreign firms. They contributed 63% to China’s rising export structure sophistication
between 2000 and 2005. Even though the share of processing exports in total exports
declined during the observed period, they estimate that this trend contributed 25%
to China’s rising export structure sophistication. Koopman et al. (2008) estimated that
processing exports account for more than 50% of China’s exports. Amiti and Freund
(2007) conclude that when processing trade is accounted for, the labour intensity
of China’s exports remains the same between 1997 and 2005.

Using EU12 data has many limitations. The USA has a huge market, clearer trade
rules and borders only with Mexico and Canada. In contrast, the EU12 has many small
neighbouring countries with open economies. The CAP and the common trade policy
of the EU, including the antidumping policy, can influence the imports to the EU.
During the observed period, another 15 countries became the members of the EU and
thus joined the EU CAP and its internal market. Accession to the EU is connected with
the abolishment of most of the taxes on imports® and quantitative restrictions. Thus,
trade relations with the EU are intensified. Three EFTA member countries are on the
EU internal market. The EU also has many trade agreements with third countries. The
common agricultural policy and trade policy of the EU can thus significantly affect the
type and volume of goods imported to the EU.

Conclusion

The aim of this paper was to evaluate China’s technological and innovation capabi-
lities. Apart from being the workshop of the world, China is also trying to become
a technology leader. This fact worries developed countries, which were traditionally the
centres of innovations and new technologies. The views on China’s potential techno-

9 The average customs for industrial products is 4%, for agricultural products 18%.
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logical leadership differ significantly. Some researchers think that China does not have
sufficient capabilities whereas others consider China’s technological leadership to be
a question of the near future. Measuring technology and innovations is notoriously
problematic, since it is difficult to observe it in the economy. One of the methods
of assessing it is to measure the technological sophistication of a country’s exports.
In this paper, the technological sophistication of Chinese exports to the EU12 based
on the calculation of the EXPY proposed by Hausmann et al. (2007) was used as a measure.

Since labour costs in China are relatively low, it is expected that it will produce and
export labour-intensive products like clothes whereas capital-intensive countries will
specialise on products such as pharmaceuticals. The EXPY calculation for China based
on the exports to the EU12 between 1990 and 2009 indicates that the sophistication
of Chinese products in comparison to other countries’ has dropped. In contrast, Hausman
etal. (2007) found that the sophistication of Chinese exports was rising. Kemeny (2011)
came to a conclusion similar to mine: that China’s technological capabilities corre-
spond with its income-level. Thus, China does not seem to threaten the technological
position of the developed countries, especially the EU, yet.

Bresnitz and Murphree (2011) believe that new interdependencies stemming from
“international decomposition of productive activities [challenge] the core assumption
that states must at some point master novel-product innovation if they are to sustain
growth”. According to them, China can gradually improve its position thanks to incre-
mental product and process innovations without excelling in breakthrough innovations.
If they are right, China can still be a threat to the developed countries. On the other
hand, the results indicate that the incremental innovations have been accomplished
among products with an intermediate level of sophistication. In addition, if China and
the USA keep investing in R&D at the same rates, it will take China 20 years to reach
the US level.

This paper is only a preliminary study; it raised interesting questions and requi-
rements for further research. Firstly, more detailed product classification is required
in order to capture the differences at the product level as well as the price unit indicator.
Although the results of calculations with and without the price index are highly corre-
lated, in the case of China, using the price might yield interesting results. While the
export basket of China to the US overlaps with that of developed countries, the prices
of China’s products are considerably lower (Schott, 2008) and the same situation is
expected for the EU. Secondly, more attention has to be paid to GPN and processing
exports and the role of the Yuan appreciation. Thirdly, trade policies of particular
countries and EU policies (CAP, trade) should be evaluated in more detail with respect
to the trade volume. Using the EU27 countries for the EXPY calculation should be
considered. Fourthly, estimating China’s technological capacities is even more
difficult when we consider the huge regional differences within China. Therefore, data
on regional Chinese exports might be of great interest.
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IS CHINA CATCHING UP? TECHNOLOGICAL SOPHISTICATION
OF CHINESE EXPORTS TO EUROPEAN UNION

Abstract: Increases in the technological sophistication of some emerging econo-
mies, linked, in part, to shifts in the distribution of innovation activities from developed
to emerging economies has attracted a lot of attention. Whether emerging economies
will catch up with developed regions in terms of innovation and technology remains an
open question. Various methods can be used to measure the technological capacity of
an economy, though most suffer from a number of significant problems. In this paper,
| present a relatively new measure of a country’s technological sophistication based upon
the goods that it exports. The empirical analysis focuses on exports to the European Union
over the period 1990-2009. Special attention is paid to China, which has made a huge
progress in technology and innovations in the past years. Based on this analysis, China’s
technological capabilities correspond with its income level and thus China does not seem
to threaten the technological position of the EU yet.
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