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Abstract 

Smile Curve Economics suggests that different functions (or ‘tasks’) that need to be performed 
along a firm’s value chain have different potentials for generating value added, with the production 
stage often being the least promising one. When taking to the country level, this logic implies that 
countries that specialise as ‘factory economies’ in the value chain function production may end up 
generating comparatively little value added which in turn could hold back economic growth. At the 
same time offshoring models suggest that the standard gains from trade also arise from 
specialisation according to tasks. This paper exploits project-level data on greenfield crossborder 
investments to first identify the functional profile of countries. In a second step an empirical growth 
framework is used to test whether functional specialisation affects economic growth.  
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1 Introduction 

The emergence of global production networks and associated with it the ever more granular international 
division of labour added a new dimension of international specialisation to the usual specialisation in 
industries or sectors. This second dimension is the specialisation according to ‘tasks’ or functions along 
the firm’s value chain. For this reason we shall refer to it as functional specialisation1. 

Functional specialisation is tightly related to offshoring activities of multinational firms (MNEs). Offshoring 
implies the location of individual value chain functions such as R&D, production or after-sales services in 
another country than that of the MNE. Offshoring can take place within the boundary of the firm leading 
to FDI activities. Alternatively, firms may decide to outsource individual functions to independent 
suppliers thereby engaging in arms’-length transactions. 

Fragmenting the value chain geographically (Jones and Kierzkowski, 1990) by shifting value chains 
functions to foreign subsidiaries or contracting with foreign suppliers have become a feasible option as 
progress in information and communication technologies have lowered the co-ordination costs 
associated with offshoring (Baldwin, 2011; Baldwin 2013). At the same time, the existence of large 
differences in wage costs between countries made the internationally fragmented production profitable 
(see Arndt and Kierzkowski, 2001). For firms in offshoring countries the global organisation of production 
lead to increases in productivity in the same manner as would have technological progress (Grossman and 
Rossi-Hansberg, 2008). For offshoring destination – mainly emerging countries and transition economies – 
the presence of global value chains (GVCs) meant that it became easier to link into manufacturing 
production, the reason being that it suffices to master a segment of the production process instead of 
having to acquire the entire range of capabilities needed for the production of a product (Collier and 
Venables, 2007). An additional benefit for the host countries of offshoring is that foreign multinational 
firms managing international production networks may have an incentive to share knowledge and 
technologies with production partners that are part of this network (Baldwin, 2016). The frequency and 
the extent of augmented technological spillovers within GVCs is a hotly debated issue in the literature 
(see e.g. Szalavetz, 2017).   

Formal models of offshoring (e.g. Feenstra, 1996; Grossman and Rossi-Hansberg, 2008) therefore suggest 
a positive impact on firms productivity by reaping additional gains from trade that arise from 
specialisation in tasks where the country has comparative advantages. While these efficiency gain do not 
lead to permanent growth effects, they will increase growth during a transitory period which should have 
a positive effect on the measured growth rate (which does not distinguish between growth effects and 
level effects). In this framework a strong specialisation in a particular function should not systematically 
affect the growth rate negatively across countries.  

Different predictions emerge from the logic of the so-called smile curve economics which does not 
feature a real theoretical framework yet. The essence of smile curve analyses is that value chain functions 
differ in their potential for generating value added. The typical pattern observed, as pointed out by 

                                                           
1  We prefer the term functional specialisation to the term vertical specialisation (Hummels et al., 2001) because the latter typically refers to a 

sequence of products or industries.  
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former CEO of the Taiwanese IT company Acer, Stan Shih (see Shih, 1996), is that the knowledge-intensive 
pre-production stages such as R&D or design generate more value added than the production activities 
within the manufacturing supply chain. The same is true for several of the post-production services 
including marketing, branding and support services. Plotting the value chains functions in their sequence 
against the value added to be earned yields the famous smile curve. Despite the lack of a stringent 
theoretical framework, the idea of the smile curve has received considerable empirical support (e.g. 
Shin et al., 2012; Milberg and Winkler, 2013). 

This paper uses a new approach pinpoint the functional specialisation in GVCs of countries. The country-
level functional profiles, however, are derived from project-level data on FDI greenfield investment 
projects. This implies that our measure for functional specialisation is directly related to the role firms – 
more precisely the role of foreign-owned subsidiaries – are assigned within GVCs. The value chain 
functions that firms from a particular country perform predominantly will reflect to a large extent the 
comparative advantages of a country. However, if the smile curve economics hold true, a strong 
specialisation in the value chain function production may hamper economic growth because of the 
comparatively lower value added generation. We test the prediction of the smile curve hypothesis 
indirectly, by embedding the relative specialisation in production of countries into a standard neo-classical 
growth model.  

The reminder of the paper is structured as follows. Section 2 describes in more detail the key measures 
for functional specialisation and the main data sources while Chapter 3 assesses the plausibility of the 
approach by discussing the functional profiles of countries of the EU, NAFTA and South East Asia. 
Section 4 is dedicated to the empirical growth model and the main results. Section 5 concludes. 

2 Capturing functional specialisation in GVCs 

In order to develop the functional profiles of countries we rely on project level data from the fDi Markets 
crossborder investment monitor. This database records individual crossborder greenfield investment 
projects2 by multinationals firms in host countries globally. Importantly, information is not only provided 
on the industry in which the project takes place but also the business function that the projects serve. The 
database is global in scope we use the number of projects by host country, industry and function to derive 
the relative functional specialisation (RFS) of countries. In addition to the number, there is also 
information on the jobs created by the projects and the capital investments involved. While we base our 
main measure on RFS on the number of projects but jobs and capital investments are used as robustness 
checks. The time span ranges from 2003 to 2015.  

The essential feature of the fDI crossborder investment monitor database is that it contains information 
on the ‘business function’ that the respective project serves. Most of these functions correspond to the 
tasks or functions in the value chain of a manufacturing firm. These functions are grouped into five 
(respectively three) functions. These functions are (i) R&D, (ii) headquarter functions, (iii) production, (iv) 

                                                           
2 The database only records new investment projects referred to as greenfield investments as well as major extensions of existing projects. 
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Figure 1: Functional country-level smile curve for a 

Note: -.  
Source: own elaboration. 

 

Note that in contrast to the original smile curve the relative functional specialisation measure that we 
develop is not based on measures of value added but is a frequency measure. It actually links the firm
level concept of the smile curve with the country
country then reflects how intensively a host country is used as a location for greenfield FDI projects 
serving a particular function. The ‘smile curve’ in our methodology actually emerges for a country tha
well-positioned, which means it the country attracts a large number of projects in the pre
the post-production segments of the value chain. 

To arrive at the relative functional specialisation (RFS) measure the shares of the individual 
total incoming FDI projects in a host country are normalised by the global average. This is done because 
production-related projects account for a large share of greenfield FDIs globally (
post-production services have gained in importance in recent years in terms of number of projects. In 
contrast, the number of jobs created and the investment amounts continue to be dominated by 
production-related projects.  

 

  

                                                           
3 See Appendix for details of the mappings. 
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Figure 2: Share of FDI greenfield investments by value chain function, 2003-2015 

 
Source: fDi markets; own calculations. 
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More formally, the RFS measure of any country i and in function f is defined as: 

 𝑅𝐹𝑆 =
 

 

 
. 

where 𝑝  is the number of projects realised in function f in country i and 𝑝  is the number of projects 
realised in country i and analogously for the world. This relative functional specialisation measure is 
methodologically identical to the concept of revealed comparative advantages in the trade literature, only 
that it is applied to inward FDI (instead of exports) and that it is defined on the basis of value chain 
functions (instead of industries).  

The RFS can be calculated at the function-country as well as the function-industry-level. For the analysis at 
the country-industry level the analysis is limited to ten industries with a large number of observations4. 
For the industry-level analysis, the sectors and sub-sectors indicated in the fDi crossborder monitor 
database had to be mapped to NACE industries. In general the sample of crossborder greenfield projects 
comprises 91,324 observations, mainly from manufacturing industries (NACE 10 to 32) but equally from 
closely related services such as land transport (49), warehousing (52), Legal and accounting activities 
Telecommunications services (61) and Computer programming (62), Activities of head offices (69), 
Architectural and engineering activities (70); Scientific research and development (71) and Advertising 
and market research (72).  

The functional profiles based on the greenfield FDI data are used to provide descriptive evidence on the 
functional specialisation of host countries. For the econometric analysis, the RFS is collapsed into a simple 
index number which distinguishes only between the value chain function production on the one hand and 
pre-production and post-production functions on the other hand. This index is labelled relative 
production specialisation index and for any country i is formally defined as  

 𝑅𝑃𝑆𝐼 =
  

  
. 

Note that the RFS and the RPSI reflect the information on the value chain functions assigned to the 
respective FDI subsidiary. This way, we believe our approach is closer to the original idea of the smile 
curve than existing contributions to the literature such as Baldwin et al. (2014), Baldwin et al. (2015). Both 
papers rely on inter-country input-output (ICIO) tables to pin down the position of countries and 
industries along the value chain. Baldwin et al. (2014), for example, investigate how the value added 
contributions of broad sectors (primary, manufacturing, services) to the exports of South East Asian 
countries changed between 1985 and 2005. In almost all cases the value added contributions of the 
manufacturing sector declined quite strongly with corresponding increases in the services sector as well 
as partly also in the primary sectors. This also yields a kind of country-level smile5 curve6. Another type of 
country-level smile curves has been developed by Ye et al. (2015) who base their analysis on the concept 
of ‘upstreamness’ (Fally, 2011; Antràs et al., 2012). They position industries and countries along their 
upstreamness which indicates the distance to final consumers and they show the associated value added 

                                                           
4  See Appendix for details. 
5  Occasionally also a smirk curve because the value added generation of services regularly exceed that of the primary sector.  
6  Baldwin et al. (2014) refer to the resulting graph, which shows changes in the value added contributions on the vertical axis and the primary, 

the manufacturing and the services sectors arranged on the horizontal axis, as ‘smirk’ curve because typically the gain in value added captured 
is stronger in the services sector than in the primary sector. 
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coefficients. For several industries, such as the Chinese electronics industry, this approach also yields a 
smile curve. Similarly, Hagemejer and Ghodsi (2017) use the same upstreamness index to analyse how the 
positions of new EU member states within global value chains have changed over time.  

We believe that our approach captures better the firm-level concept of the value chain than ICIO-based 
methodologies because it reflects the individual functions of a firm’s value chain functions. In contrast, 
constructing a smile curve based on ICIO data captures sequences of industries or products from raw 
materials to a final good or service. Thereby all the different functions apart from production are 
suppressed from the analysis (with the exception of some business-related services if they are 
outsourced).  

Our research is closed to Rungi and Del Prete (2017) who construct smile curves at the firm-level. These 
authors are interested in the value added content of firms in gross output across firms with different core 
activities. However, even this paper defines the core activities according to NACE 4-digit industries. This 
way, each firm is assigned to one activity. In our approach we seek to keep apart the industry-
specialisation from the functional specialisation. In particular, since the value chain functions in our data 
are defined at the project level, the same investor firm can create foreign subsidiaries serving various 
functions. Indeed, we find that large investors do have FDI subsidiaries serving all the five groups of value 
chains functions that we differentiate.  

The drawback in our data is that there is no information on the characteristics of the FDI subsidiaries. 
Therefore there is no possibility to directly link the function a firm serves to value added creation or other 
performance measures. Nevertheless we can indirectly measure the effect of functional specialisation on 
value creation and growth. For this, we need to make the detour via the functional specialisation of 
countries and their growth performance. In other words, we test whether the relative production 
specialisation of a country is a determinant of economic growth.  

While there is no unified theoretical framework for the smile curve economics, there are several 
arguments in favour of differentiated potential for capturing value added. Firstly, there is good reason to 
believe that economic rents accrue mainly to knowledge-intensive and organisationally complex activities 
(Kaplinsky, 2010). R&D is a case in point as the protection of intellectual property rights convey temporary 
monopoly rents to innovators. Morever, R&D is a demanding and expensive activities which according to 
multi-country growth models will be economically-viable only in countries with a sufficient level of 
technological sophistication (Howitt (2000); Howitt and Mayer-Foulkes, 2005). From a system theoretical 
approach this is due to the fact that in their R&D activities, firms have to rely on and benefit from the 
National Innovation System (Pavitt, 1995). Similarly, headquarter functions are necessarily performed by 
lead firms of value chains and is evidence of ownership advantages (Dunning, 1977) which are 
remunerated accordingly. This is because comparatively few firms dispose of the required organisational 
capabilities to orchestrate a global value chain.  

Secondly, and partly related to the first point, is the fact that the international fragmentation of 
production increased competition in the production segment of the value chain, especially but not 
uniquely in assembly. This has lead to a commodification of manufacturing production which can easily be 
performed by developing countries. This tendency has contributed to the relative decline in the terms of 
trade of manufactures, especially those of developing countries (Kaplinsky, 2010). The growing 
competition, particularly among low wage countries, in the field of manufacturing production can be seen 
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as a contemporary version of the Prebisch-Singer dilemma (Milberg and Winkler, 2013; Szalavetz, 2017). 
Based on these arguments we derive the  

For these reasons our working hypothesis that a strong specialisation in the value chain function 
production leads to lower value creation and consequently to lower economic growth rates. However, 
the hypothesis is not unambiguous because it may be counteracted or even dominated by growth-
enhancing effect of specialisation according to comparative advantages as suggested in offshoring models 
(Feenstra, 1996; Grossman and Rossi-Hansberg, 2008).  

Before we proceed with the econometric test of the growth effects of functional specialisation in 
production, the relative functional specialisation profiles of selected EU countries, NAFTA members and 
selected South East Asian economies are presented. These functional portrays are interesting in 
themselves but they also serve as a plausibility check on the results deriving from the greenfield FDI data. 

3 Functional profiles in the Triad 

We start with presenting the functional for selected EU member states. We focus mainly on the member 
of the Central European (CE) Manufacturing Core which comprises Germany, Austria as well as the 
Visegrád countries, the Czech Republic, Hungary, Poland, Slovakia (see Stöllinger, 2016). These countries 
are of particular interest because they are characterised by a particular intensive integration in production 
networks, mainly under the control of German MNEs. A consequence of this deep economic integration 
within the CE Manufacturing Core is that the production structures of its member converged 
(Baker et al., 2015; Stehrer and Stöllinger, (2015). This convergence of production, however, is clearly 
limited to industrial (or product) dimension.  

In terms of value chain functions, Germany – and Austria on the one hand and the Visegrád countries on 
the other hand – have complementary functional specialisations patterns (Figure 3). The latter group of 
countries attract relatively more production-related projects compared to the world average giving them 
comparatively high values in the RFS yielding value of about 1.5 in Slovakia and Hungary. In contrast, the 
skill- and knowledge-intensive pre-production functions – HQ functions and R&D activities – are 
underrepresented. The opposite is true for Austria and particularly Germany.  

Note also, that Germany, albeit being Europe’s main manufacturing powerhouse has a particularly low 
RFS in the value chain function production, whereas it scores very high in headquarter functions and 
support services. The pattern found in our data is therefore in line with the indication of ‘origin’ of the 
kind “Designed and developed in Germany” or “Engineered in Germany” found on numerous products 
ranging to household appliances to bicycles. All in all, the patterns of functional specialisation confirm the 
common notion that production activities within Europe have been outsourced to a large extent to the 
relatively low-wage Central and Eastern European EU members (see Stehrer and Stöllinger, 2015). The 
more knowledge-intensive value chain functions, in contrast, remain in the ‘offshoring economies’ in line 
with offshoring models (e.g. Grossman and Rossi-Hansberg, 2008).   
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Figure 3: Relative functional specialisation (RFS) in selected EU member states, total 2003-2015 

 
Note: HQ=headquarter functions.  
Source: fDi markets; own calculations. 

 

Note also, that Germany’s functional profile is quite similar to that of the United Kingdom, despite the fact 
that the latter has strongly specialised in services whereas Germany is specialised in manufacturing 
industries (Baker et al., 2015). This demonstrates the marked differences between structural 
specialisation and functional specialisation. Taking together, the RFSs confirm the claim in the literature 
that – using the distinction between headquarter economies and factory economies by Baldwin and 
Lopez-Gonzalez (2015) – that Central and Eastern European Countries despite their impressive structural 
upgrading are still factory economy, attracting mainly production activities (Szalavetz, 2018).  

Interesting patterns also emerge for the functional specialisation in the South East Asian region (Figure 4). 
These patterns are by and large in line with country’s position in the flying geese model (Akamatsu, 1962). 
Japan as the first economy in South-East Asia to successfully industrialise, therefore taking the role of 
technology provider, has the typical profile of ‘headquarter’ economy (Baldwin and 
Lopez-Gonzalez, 2015; Baldwin, 2016). That is, it attracts a comparatively high number of R&D activities 
but little production. The same is true for Hong Kong which is the country with the lowest RPSI (discussed 
below) in the entire sample. In Korea, the RFS is also very high in R&D but is exceptional in that it also has 
average specialisation in production.  
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Figure 4: Relative functional specialisation (RFS) in selected South East Asian economies, total 2003-2015 

 
Note: HQ=headquarter functions.  
Source: fDi markets; own calculations. 

 

Of particular interest is the functional profile of China. Often considered to be the ‘workshop of the world’ 
(e.g. Baldwin and Lopez-Gonzalez, 2015), the RFS suggests that China is not only attracting more 
production-related greenfield FDI than the world average. However, the same is also true for greenfield 
projects performing R&D activities. Hence, China may not be a pure ‘factory economy’ (Baldwin and 
Lopez-Gonzalez, 2015) anymore but has emancipated itself from this role (though it remains an attractive 
location for production facilities too).  

Malaysia seems to be in an intermediate position featuring a very balances functional profile. Countries 
further in the more rear rows of the flying geese formation, such as Vietnam or Laos show the classical 
profile of a factory economy with a strong specialisation in production plants among their inward 
greenfield FDI projects but hardly any R&D projects flowing in.   

Finally, we move to North America and take a look at the RFS of the three NAFTA countries, the US, 
Canada and Mexico. Also within NAFTA the roles seem are clearly allocated with Mexico serving as the 
factory economy while the US and Canada are both headquarter economies. This is particularly true for 
the US which has a very strong specialisation in headquarter functions. Interestingly, though, the US also 
attract a considerable amount of production-related greenfield FDI, with its share in the total incoming 
projects being close to the world average. Canada’s functional profile is rather balances with a peak in the 
RFS in logistics services, one of the post-production services.  
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Figure 5: Relative functional specialisation (RFS) in NAFTS countries, total 2003-2015 

   
Note: HQ=headquarter functions.  
Source: fDi markets; own calculations. 

 

For the econometric exercise these ‘condensed’ functional profiles, i.e. the relative production 
specialisation index (RPSI) is used. All countries in the sample can be ranked by this index (Figure 6). We 
can also categorise countries into factory and headquarter economies using 0.5 as the dividing line, which 
is the value that a country with the functional profile identical to that of the world would obtain.  

Most of the countries are found in the expected place: many of the factory economies already 
encountered have one of the highest RPSI, for example Slovakia, Vietnam, Hungary or Mexico. A very high 
RPSI is also obtained for some of the Balkan countries, in particular Bosnia-Herzegovina and Serbia. 

On the other side of the spectrum, i.e. among the most pronounced headquarter economies, are Hong 
Kong, Denmark and Switzerland.   

4 Econometric Approach and Results 

Given the lack of firm level characteristics of the FDI subsidiaries via which the functional specialisation 
profiles were derived, we move to the country level to test the growth impact of the functional 
specialisation.  

We use cross-section approach in which we use the RPSI of countries for the entire sample period 2003-
2015 that was presented in the previous section. The approach is rather ad hoc in the sense that we 
simply plug the RPSI variable into an otherwise standard growth regression model. This model has the log-
growth rate of real GDP as the dependent variable and the log-levels of labour, physical capital and 
human capital as the explanatory variables. All data were taken from the Penn World Tables version 9 
(PWT 9) (Feenstra et al., 2015)7.   

                                                           
7 Data available at: https://www.rug.nl/ggdc/productivity/pwt/. 
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Figure 6: Relative production specialisation index (RPSI), global ranking, total 2003-2015 

 
Note: The dividing line between factory economy and headquarter economy is 0.5 which is the RPSI a country with the identical functiona 
profile as the world would obtain.  
Source: fDi markets; own calculations. 
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The starting point for the empirical growth model is a standard Cobb-Douglas production function with 
observations for country i. From this we deduct the GDP at the beginning of the period – which we take as 
the average of the years 2000-2003 – and we include the RPSI, our main variable of interest. This yields 
our simple regression equation:   

(1) ∆ 𝑙𝑛 𝑌 , − 𝑙𝑛 𝑌 , = 𝛼 ∙ 𝑙𝑛 𝐾 + 𝛽 ∙ 𝑙𝑛 𝐿 + 𝛽 ∙ 𝑙𝑛 𝐻 + 𝑅𝑃𝑆𝐼 + 𝜀 = 

where, ∆ 𝑙𝑛 𝑌 , − 𝑙𝑛 𝑌 ,  is the log growth rate of GDP and K, L and H are the physical capital stock, 
labour (measured in numbers of employees) and human capital respectively. All variables are period 
averages as is the RPSI. 𝜀 denotes the error term. 

As mentioned earlier, the smile curve hypothesis let us expect a negative sign for the RPSI which is high 
for countries attracting above (global) average greenfield FDI projects. As widely discussed in the case 
study literature on GVCs, countries may end up being specialised in unfavourable segments of the value 
chain with little scope for learning and upgrading (Sturgeon and Memedovic, 2011; Kaplinsky, 2005; 
Kaplinsky and Farooki, 2010). The implicit assumption of the firm-level concept of the smile curve is that 
the specialisation in the pure production stage – or even assembling only – would constitute such an 
unfavourable specialisation. The opposite is true for pre-production stages such as headquarter functions 
and R&D.  

In contrast, specialisation according to (static) comparative advantages should be efficiency enhancing 
leading to a temporary increase in the growth rate irrespective of the value chain function that a country 
specialises in. Hence, comparative advantages are agnostic to functional specialisation when it comes to 
economic growth letting as expect that the RPSI should not matter for growth at all.  

The basic results are summarised in Table 1. As can be seen the growth regression yields the expected 
results for the production factors: labour and physical capital are contribute positively to economic 
growth (extensive growth) while human capital has no impact (or if it does it yields a negative impact as 
found in many other studies). The RPSI as our main variable of interest comes out with a negative 
coefficient (specification (2) in Table 1). For the full sample, the coefficient is even highly statistically 
significant. However, if we limit the sample to countries which have attracted at least 50 greenfield FDI 
projects, the RPSI variable is significant only at the 10 per cent level though the coefficient becomes 
slightly larger in magnitude. Note also, that the explanatory power become much higher when moving 
from the full to the restricted sample indicating that “small” host countries may distort the picture. 
Therefore the restricted sample appears to be more reliable. We also take some confidence from the fact 
that the adjusted R-square increases when including the RPSI variable, even though only marginally. 
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Table 1: Growth regression results, including RPSI, sample average 2003-2015 

Dependent Variable: ln(ΔYt - ΔYt-1) 
  (1) (2) (3) (4) 

  (base full sample) (RPSIproj  full sample) (base  >50 proj) (RPSIproj > 50 proj) 
ln L 0.0154*** 0.0169*** 0.0156*** 0.0187*** 
  (0.0038) (0.0036) (0.0053) (0.0053) 
ln K 0.0325*** 0.0349*** 0.0360*** 0.0385*** 
  (0.0084) (0.0079) (0.0104) (0.0108) 
ln H -0.0035 -0.0075 -0.0345* -0.0301 
  (0.0142) (0.0139) (0.0204) (0.0198) 

ln Yinitial -0.0457*** -0.0508*** -0.0534*** -0.0593*** 
  (0.0089) (0.0085) (0.0103) (0.0114) 

RPSIprojects   -0.0078***   -0.0094* 
    (0.0027)   (0.0048) 
constant 0.1374*** 0.1746*** 0.2185*** 0.2510*** 
  (0.0288) (0.0267) (0.0389) (0.0432) 
Obs. 140 138 91 91 
R-sq. 0.289 0.369 0.515 0.530 
R-sq-adj. 0.268 0.345 0.492 0.502 
F-test 11.93 14.42 36.03 33.01 

Note: Robust standard errors in parentheses. ***, **, and * indicate statistical significant at the 1%, 5% and 10% level respectively. All 
regressions include a constant and time fixed effects.  
Source: own estimations. 

 

As a robustness check we run the same regression model, including the RPSI measure based alternatively 
on the number of projects, the jobs created by these projects and the capital expenditure (capex) 
involved alternatively. The patterns from the project-based regressions are more or less confirmed by the 
specifications based on jobs and capex respectively. When considering the restricted sample, the 
statistical significance of the capex-based RPSI variable is lost though.  

We would interpret these results as giving some though no overwhelming support to the smile curve 
hypothesis. While investigated at different levels, the negative coefficient would also be in line with the 
finding of Rungi and Del Prete (2017) that firms that have production activities as their primary purpose 
capture less value added than firms in other activities. This is because lower value added capture by firms 
should will also translate to the country level and over time implies lower growth. While performed at a 
much more aggregate level, we see the advantage of our approach that is has a dynamic element as it is 
embedded in a growth model.  
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Table 2: Growth regression results- comparison RPSI by projects/jobs/capex, sample average 2003-2015 

Dependent Variable: ln(ΔYt - ΔYt-1) 
  (2) (4) (2a) (4a) (2b) (4c) 

  (RPSIproj  full sample) (RPSIproj > 50 proj) (RPSIjobs  full sample) (RPSIjobs > 50 proj) (RPSIcapex  full sample) (RPSIcapex > 50 proj) 
ln L 0.0169*** 0.0187*** 0.0149*** 0.0172*** 0.0160*** 0.0152*** 
  (0.0036) (0.0053) (0.0038) (0.0054) (0.0037) (0.0053) 
ln K 0.0349*** 0.0385*** 0.0345*** 0.0387*** 0.0347*** 0.0344*** 
  (0.0079) (0.0108) (0.0079) (0.0110) (0.0076) (0.0108) 
ln H -0.0075 -0.0301 -0.0113 -0.0356* -0.0089 -0.0326 
  (0.0139) (0.0198) (0.0144) (0.0207) (0.0137) (0.0206) 

ln Yinitial -0.0508*** -0.0593*** -0.0482*** -0.0578*** -0.0499*** -0.0515*** 
  (0.0085) (0.0114) (0.0083) (0.0114) (0.0080) (0.0111) 

RPSIprojects -0.0078*** -0.0094*         
  (0.0027) (0.0048)         

RPSIjobs     -0.0007* -0.0018*     
      (0.0004) (0.0010)     

RPSIcapex         -0.0018*** 0.0019 
          (0.0006) (0.0027) 
constant 0.1746*** 0.2510*** 0.1520*** 0.2340*** 0.1657*** 0.2147*** 
  (0.0267) (0.0432) (0.0268) (0.0412) (0.0267) (0.0401) 
Obs. 138 91 138 91 138 91 
R-sq. 0.369 0.530 0.354 0.521 0.371 0.517 
R-sq-adj. 0.345 0.502 0.330 0.492 0.347 0.489 
F-test 14.42 33.01 13.29 52.20 18.01 27.11 

 

Note: Robust standard errors in parentheses. ***, **, and * indicate statistical significant at the 1%, 5% and 10% level respectively. All 
regressions include a constant and time fixed effects.  
Source: own estimations. 

 

5 Conclusions 

This paper makes two major contributions to the literature. Firstly, it presents a series of functional 
profiles indicating the specialisation of countries along the firm-level value chain. These profiles are 
derived from project-level data opening the possibility that investor firms engage in different value chain 
functions instead of assorting one firm to one task or value chain function. We illustrate rather intuitive 
relative specialisation patterns for several factory economies and headquarter economies.  

Secondly, we present some initial quantitative evidence on the growth impact of specialisation in the 
business function production as captured by the relative production specialisation index. While the 
econometric evidence at this stage is not overwhelming yet chances are that further econometric tests 
including an industry and a time dimension will deliver additional insights.  

We believe that the impact of functional specialisation is currently on country’s growth prospects is one 
of the most relevant question worldwide. Not only, may functional specialisation lead to a growth trap – a 
functional trap that can be considered to be a special variant of the better known middle income trap 
(Stöllinger, 2018). In addition, in very near the future countries positions in the value chain and their 
potential to attract FDI beyond production and assembly activities will be decisive for their growth path 
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when the disruptive impact of various technologies related to Industry 4.0 – such as the use of industrial 
robots or additive manufacturing – set in (Szalavetz, 2018). The resulting cyber-physical production 
systems will make it much more difficult to disentangle production from more complex value chain 
functions such as design, R&D and logistics (Eurofound, 2018).  
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Appendix 

 

Appendix Table A.1: Mapping of business functions into value chains functions 

business function  
in the fDi crossborder monitor 

value chain function  
(narrow categories) 

value chain functions  
(broad categories) 

Research & Development 
R&D and related services 

Pre-production 
Design, Development & Testing 

Education & Training 

Headquarters 
Headquarter services 

ICT & Internet Infrastructure 

Manufacturing 
Production Production Recycling 

Extraction* 

Business Services 
Logistics and retail services 

Post-production 

Logistics, Distribution & Transportation 

Retail 

Sales, Marketing & Support 

After-sales services 
Maintenance & Servicing 

Customer Contact Centre 

Shared Services Centre 

Technical Support Centre 

   * for chemicals sector only 
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Appendix Table A.2: Nace Rev2 industries use for the analysis at the function-industry-country level 

Description NACE Rev.2 

Manufacture of   

food and beverages 10 

textiles; wearing apparel; leather 13-15 

chemicals 20 

pharamceuticals 21 

metals and metal products 24-25 

computer, electronic and optical products 26 

electrical equipment 27 

machinery and equipment 28 

motor vehicles 29 

other transport equipment 30 
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Appendix Table A.3: Mapping from fDI Markets crossborder investment monitor to NACE Rev.2 industries 

sector sub-sector 
NACE Rev.2 

correspondance 

Aerospace 
Aircraft 30 
Aircraft engines, other parts & auxiliary equipment 30 
Other (Aerospace) 30 

Automotive Components 

Automobiles 29 
Communication & energy wires & cables 27 
Motor vehicle body & trailers 29 
Motor vehicle brake systems 29 
Motor vehicle electrical & electronic equipment 29 
Motor vehicle gasoline engines & engine parts 29 
Motor vehicle seating & interior trim 29 
Motor vehicle stamping 29 
Motor vehicle steering & suspension components 29 
Motor vehicle transmission & power train parts 29 
Other motor vehicle parts 29 

Automotive OEM 

All other transportation (Automotive OEM) 29 
Automobiles 29 
Heavy duty trucks 29 
Light trucks & utility vehicles 29 
Motor vehicle gasoline engines & engine parts 29 
Motor vehicle transmission & power train parts 29 
Other motor vehicle parts 29 

Beverages 
Breweries & distilleries 10 
Other (Beverages) 10 
Soft drinks & ice 10 

Biotechnology 
Biological products (except diagnostic) 21 
In-Vitro diagnostic substances 21 
Other (Biotechnology) 21 

Building & Construction Materials 

Asphalt paving, roofing, & saturated materials 23 
Cement & concrete products 23 
Other (Building & Construction Materials ) 23 
Commercial & service industry machinery 28 
Computer & peripheral equipment 26 
Other (Business Machines & Equipment) 26 

Business Services 

Accounting, tax preparation, bookkeeping, & payroll services 69 
Advertising, PR, & related 73 
Architectural, engineering, & related services 71 
Business schools, computer & management training 62 
Business support services 82 
Custom computer programming services 62 
Educational support services 74 
Employment services 78 
Environmental consulting services 70 
General purpose machinery 28 
Heavy & civil engineering 71 
Legal services 69 
Management consulting services 70 
Other support services 74 
Professional, scientific & technical services 72 
Specialised design services 74 

Ceramics & Glass 

Clay product & refractory 23 
General purpose machinery 28 
Glass & glass products 23 
Other (Ceramics & Glass) 23 
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Appendix Table A.3: Mapping from fDI Markets crossborder investment monitor to NACE Rev.2 industries (con’t) 

sector sub-sector 
NACE Rev.2 

correspondance 

Chemicals 

Basic chemicals 20 
Other chemical products & preparation 20 
Paints, coatings, additives & adhesives 20 
Pesticide, fertilisers & other agricultural chemicals 20 
Resin & artificial synthetic fibres & filaments 20 
Soap, cleaning compounds, & toilet preparation 20 

Communications 
Communications equipment 29 
Navigational instruments 26 

Consumer Electronics 
Audio & video equipment 26 
Household appliances 27 
Other (Consumer Electronics) 26 

Consumer Products 

Audio & video equipment 26 
Cosmetics, perfume, personal care & household products 20 
Cutlery & handtools 28 
Dolls, toy, & games 32 
Furniture, homeware & related products (Consumer Products) 31 
Jewellery & silverware 32 
Office supplies 47 
Other (Consumer Products ) n.a. 
Pesticide, fertilisers & other agricultural chemicals 20 
Sign manufacturing 25 
Sporting goods, hobby, books & music n.a. 

Electronic Components 

Aircraft engines, other parts & auxiliary equipment 30 
All other electrical equipment & components 26 
Audio & video equipment 26 
Batteries 27 
Communication & energy wires & cables 27 
Computer & peripheral equipment 26 
Electric lighting equipment 27 
Electrical equipment 27 
Magnetic & optical media 26 
Wiring devices 27 

Engines & Turbines 
Engines & Turbines 28 
Other (Engines & Turbines) 28 

Food & Tobacco 

All other food 10 
Animal food 10 
Coffee & tea 10 
Dairy products 10 
Fruits & vegetables & specialist foods 10 
Seafood products 10 
Seasoning & dressing 10 
Snack food 10 
Sugar & confectionary products 10 
Tobacco 12 
Bakeries & tortillas 10 

Industrial Machinery, Equipm. & Tools 

Agriculture, construction, & mining machinery 28 
All other industrial machinery 28 
Boiler, tank, & shipping container 28 
Commercial & service industry machinery 28 
Cutlery & handtools 28 
Food product machinery 28 
General purpose machinery 28 
Measuring & control instruments 27 
Metalworking machinery 28 
Paper industry machinery 28 
Plastics & rubber industry machinery 28 
Power transmission equipment 28 
Printing machinery & equipment 28 
Sawmill & woodworking machinery 28 
Semiconductor machinery 28 
Semiconductors & other electronic components 26 
Textile machinery 28 
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Ventilation, heating, air conditioning, and commercial refrigeration eq. manuf. 28 
Appendix Table A.3: Mapping from fDI Markets crossborder investment monitor to NACE Rev.2 industries (con’t) 

sector sub-sector 
NACE Rev.2 

correspondance 

Medical Devices 
Electromedical and Electrotherapeutic Apparatus 26 
Medical equipment & supplies 26 
Other (Medical Devices) 26 

Minerals 
Lime & gypsum products 23 
Other (Minerals) 23 
Other non-metallic mineral products 23 

Metals 

Alumina & aluminium production and processing 24 
Architectural & structured metals 24 
Coating, engraving, heat treating, & allied activities 25 
Forging & stamping 25 
Foundries 24 
Hardware 25 
Iron & steel mills & ferroalloy 24 
Machine shops, turned products, screws, nuts & bolts 25 
Nonferrous metal production & processing 24 
Other (Metals) 24 
Other fabricated metal products 25 
Other non-metallic mineral products 23 
Spring & wire products 25 
Steel products 24 

Non-Automotive Transport OEM 

All other transportation (Non-Automotive OEM) 30 
Motorcycle, bicycle, & parts 29 
Motorcyle, bicycle, & parts 29 
Railroad rolling stock 30 
Ships & boats 30 

Paper, Printing & Packaging 

Converted paper products 17 
Other (Paper, Printing & Packaging) 17 
Plastic bottles 22 
Pulp, paper, & paperboard 17 

Pharmaceuticals 

Medicinal & botanical 21 
Other (Pharmaceuticals) 21 
Pharmaceutical preparations 21 
Unspecified 21 

Plastics 

Artificial & synthetic fibres 22 
Laminated plastics plates, sheets & shapes 22 
Other plastics products 22 
Plastic bottles 22 
Plastic pipes, pipe fitting & unlaminated profile shapes 22 
Plastics packaging materials & unlaminated film & sheets 22 
Polystyrene foam products 22 
Urethane, foam products & other compounds 22 

Rubber 
Other rubber products 22 
Rubber hoses & belting 22 
Tyres 22 

Semiconductors 
Other (Semiconductors) 26 
Semiconductor machinery 28 
Semiconductors & other electronic components 26 

Software & IT services 
All other information services 63 
Business support services 82 

Space & Defence 
Guided missile & space vehicles 30 
Military armoured vehicle, tank, & components 30 
Other (Space & Defence) 30 

Textiles 

Apparel accessories & other apparel 13 
Apparel knitting 13 
Clothing & clothing accessories 14 
Cut & sew apparel 14 
Footwear 15 
Furniture, homeware & related products (Textiles) 31 
Leather & hide tanning and finishing 15 
Other (Textiles) 13 
Other leather & allied products 15 
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Resin & artificial synthetic fibres & filaments 20 
Textiles & Textile Mills 13 

Appendix Table A.3: Mapping from fDI Markets crossborder investment monitor to NACE Rev.2 industries (con’t) 

Transportation 
Freight/Distribution Services 49 
Truck transportation 49 

Warehousing & Storage Warehousing & storage 52 

Wood Products 

Furniture, homeware & related products (Consumer Products) 31 
Furniture, homeware & related products (Wood Products) 31 
Other (Wood Products) 16 
Wood products 16 

 

 


